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Air Circuit Breakers. An air circuit breaker 
of the 5,000-volt class has been developed 
which can be applied to circuits capable of 
producing short-circuit duties of 250,000 
kva; this has been made possible through 
magnetically enhanced diffusion of ionized 
particles, establishing dielectric strength in 
a gaseous region which was previously highly 
conducting (Transactions pages 197-201). 
A 188-kv 1,500,000-kva air-blast circuit 
breaker recently developed features a new 
interrupting device utilizing an axial-blast 
nozzle together with a ‘‘conserved pressure”’ 
chamber, enabling the interruption of cir- 
cuits of high voltage (Transactions pages 
193-7). Application of the theory of inter- 
ruption with compressed air to an inter- 
rupting element suitable for high-voltage 
work has been made also in connection with 
the experimental development of an outdoor 
circuit breaker for 138-kv service (Trans- 
actions pages 217-22). 


Damping in Synchronous Machines. Rela- 
tively simple formulas for the calculation 
of the positive and negative damping 
torques of synchronous machines have been 
developed from a simple physical explana- 
tion of the phenomena. Using these for- 
mulas, the influence of the two axes of the 
machine upon the damping can be found 
(Transactions pages 210-13). 


Designing Cable for Stability. Maximum 
power-factor stability of cable insulation 
under load-cycle conditions so far attained 
has been achieved by the combination of a 
new principle of cable structure and a newly 
developed impregnant having a marked 
degree of stability (Transactions pages 
206-10). 


Control in Interconnected Systems. To 
co-ordinate the operations of interconnected 
power systems of any size or geographical 
extent, automatic frequency controllers 
with time-error correction and tie-line con- 
trollers with frequency bias and time-error 
correction have been developed. The prin- 
ciple of frequency bias on a tie-line con- 
troller has been used extensively to permit 
maximum deviation from schedule load 
with minimum change in generation ( Trans- 
actions pages 232-6). 


Complacent Confusion. Since our democ- 
racy rests full-weight upon the proposition 
that. the people are competent to determine 
their destiny, the consequences of confusion 
are not only personally but nationally 
disastrous, declares an eminent educator and 
engineer, who urges as a remedy for the 
prevalent state of complacent confusion 
that students learn to take the initiative 
in their own education (pages 199-201). 


Magnetic Fields in Meters. As part of a 
general study of magnetic conditions exist- 
ing in watt-hour meters during their opera- 
tion, the effect of wave form on the regis- 


tration of such meters has been studied 
under carefully controlled conditions 
(Transactions pages 202-05). 


Network Master Relay. A _ three-phase 
single-element induction-cylinder network 
master relay which uses potential coils 
connected from line to line has been found 
to produce greater tripping torque during 
unbalanced primary feeder faults than did 
previous relays, which were three-phase, 
three-element devices with line-to-neutral 
potential coils (Transactions pages 237-41). 


Protective Link. A protective device in 
transformers has been developed which dis- 
connects any unit on which a breakdown or 
fault occurs internally, thereby reducing the 
shock to or outage on the feeder. . The “‘pro- 
tective link’’ consists of a fusible element 
within a fiber tube having one fixed and one 


movable electrode (Transactions pages 
226-9) 
Lamp Starter. Successful operation of hot- 


cathode fluorescent lamps is dependent upon 
a satisfactory starting device. The glow 
switch, a small simple, two-wire thermal 
relay operated by the heat from a glow dis- 
charge, performs automatically the necessary 
functions, and also is finding application in 
relay circuits (Transactions pages 223-6). 


Directional Relay. An inductor-loop type 
of construction for high-speed polyphase 
directional relays, believed to offer decided 
advantages over other types, has been de- 
veloped. Such a polyphase rélay can be 
used for directional discrimination with high- 
speed impedance or overcurrent relays, and 
also for pilot-wire service’or with carrier- 
current systems (Transactions pages 246-8). 


Static Electricity. Lack of understanding 
of the generation of static electricity on 
rubber-tired vehicles has been responsible 
for the slow progress in development of ef- 
fective precautionary measures against its 
hazards; analysis of the nature of the 
problem shows why existing methods of 
control are largely ineffectual (pages 202-08). 


Resistance Welders. Factory wiring for 
resistance-welding machines has been con- 
sidered in the third section of the report of 
the AIEE welding committee’s subcom- 
mittee on power supply for welding opera- 
tions, which shows how properly to lay out 
a plant distribution system for serving 
welders (Transactions pages 185-92). 


Temperature Variations. Curves showing 
the variations of mean temperatures with 
altitude throughout the United States have 
been developed as an aid to the Institute’s 
standardization activities (Transactions 
pages 230-2). 


Measuring Cloud Heights. A “ceiling pro- 
jector” is used to learn the height of the 
cloud ceiling over airports at night; a 
photoelectric device has been developed to 
extend its use to daytime hours (pages 
209-10). 


Electric Power in Aircraft. Because the 
makers of electrical equipment have taken 
little interest in the special problems of 
the aviation industry, other types of ac- 
cessory power have been used for duties 
which electric power could easily perform; 
some of the problems and needs are pre- 
sented for consideration (pages 218-25). 


Small-Diameter Wires. Among significant 
features of the 1940 National Electrical 
Code are the recognition of small-diameter 
wires and permission to use these wires to 
fill a greater percentage of conduit area; 
these and other changes in the wiring tables 
have been analyzed (pages 211-16). 


Switching Surge Voltages. Current-limit- 
ing fuses have been designed to provide 
inherent control of switching surge voltages 
with designated acceptable limits; these 
fuses employ conducting elements having 
two or more sections of different diameters 
(Transactions pages 214-17). 


Ultrahigh-Speed Reclosures. Conclusions 
regarding ultrahigh-speed reclosing of high- 
voltage transmission lines have been de- 
veloped on the basis of data covering five 
years’ operating experience with 33 instal- 
lations of high-speed reclosing equipment 
( Transactions pages 241-6). 


Coming Soon. Among special articles and 
technical papers currently in preparation for 
early publication are: a symposium on 
fluorescent lighting by O. P. Cleaver 
(A’36), Preston Millar (M’13), A. B. 
O’Day, and Arthur A. Brainerd; an article 
describing the calculation of fault currents 
in industrial plants by R. C. R. Schulze; 
a report on apparatus bushings by the AIEE 
joint committee on bushings; a paper on 
bushing and associated insulation testing 
by the power-factor method by C. C. 
Baltzly (M’23) and E. L. Schlottere; a 
paper on high-voltage bushings designed to 
meet modern service by T. F. Brandt 
(M’37) and H. L. Rorden (M’36); a paper 
on enclosed busbar electrical distribution 
systems for industrial plants by E. T. 
Carlson (A’35); a paper outlining a con- 
struction theorem for evaluating operational 
expressions having a finite number of dif- 
ferent roots by P. C. Cromwell (A’28); 
a paper reporting a study of sound-levels of 
transformers by H. Fahnoe (A’35); a 
paper on an electrolytic process of scale 
removal from steel by H. W. Neblett 
(M’21); a paper on the suppression of 
magnetic vibration and noise of two-pole 
turbine generators by A. L. Penniman, Jr. 
(M’32) and H. D. Taylor (M’34); a paper 
on arc-backs in ignitrons in series by J. 
Slepian (F’27) and W. E. Pakala (A’38); 
a paper reporting experience with preventive 
lightning protection on transmission lines 
by S. K. Waldorf (M’36); a paper on the 
detection of initial failure in high-voltage 
insulation by J. B. Whitehead (F’12) and 
M. R. Shaw, Jr. (A’40); a paper on lead 
storage batteries in the transportation field 
by Roland Whitehurst (M’21); and a paper 
dealing with surges on Chicago 12-ky system 
by F. O. Wollaston (A’27) and H. je 
Plumley (A’39). 
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Complacency 


in Confusion 


ROBERT E. DOHERTY 


FELLOW AIEE 


Because it contains so much food for thought for all students, 
whether in college or out, this address, originally delivered to a student 
group at the institution of which Doctor Doherty is president, is 
presented here for the benefit of all “students” in the AIEE audience 


OST PEOPLE live in a state of complacent con- 
M fusion. College students and graduates are no ex- 
, ceptions. How many of them, for instance, have 
only a vague and confused notion of the fundamental 
principles of their professional study or practice; how 
many of them are content to live without a clearly thought- 
out philosophy of life; how many of them are inclined to 
think with their emotions instead of with their minds; how 
many, disillusioned by events of the past decade, are intel- 
lectually lost and assume the role of the cynic; how many, 
I ask, thus bear their own evidence of confusion? I be- 
lieve you will agree with me that the number is discourag- 
ingly great. 

The consequences of complacent confusion are serious. 
If these consequences were personal only—if they were 
merely the unrewarded personal careers, or the travail of 
minds that see no way out of new and trying situations, 
or the sterile satisfactions that go with intellectual pov- 
erty—they would be serious enough. But the conse- 
quences do not end there. They become national in scope 
when confused minds decide matters of destiny, for our 
democracy rests full-weight upon the proposition that the 
people are competent to determine their destiny. If they 
depend upon leadership, as they must, and leadership is 
confused, the consequences in national and local commu- 
nity life must be devastating, and indeed they have been 
devastating. By leadership I do not mean Federal leader- 
ship alone. It is only a part of the whole. I mean every 
policy-making body or policy-making person in the coun- 
try, whether in business, industry, education, or govern- 
ment. The general direction of flow of national and com- 
munity life depends upon the general policy pattern consti- 
tuted of all the individual policies of these agencies, and 
the people must accept that flow of life. Hence the con- 
sequences of confusion may strike you on two serious 
counts. They may strike you personally and profession- 
ally if you elect to join the large ranks of the confused, and 
then you may continue to be the victims with all the rest 
of us of confused leadership. 

You thus have a definite and direct personal interest in 
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this matter, and also a very important interest as a citizen, 
even if this may appear to you less direct. My purpose 
here is to help you to recognize your interest and to en- 
courage you to do something about it. - I realize that the 
immediate, direct personal interest is, from your point of 
view, probably a more convincing basis for my appeal to 
you, but since the general social interest is not less im- 
portant to you, I wish to pursue it further. 

In the confused and demoralized world in which we now 
live, and which certainly will become more confused and 
more demoralized, there is a great challenge to the college 
students of America. It is the challenge to become intel- 
lectually prepared to deal with such a world, to meet with 
intelligence, courage, and confidence the new and trying 
situations which rapid changes are now bringing about. 
In such a world, which will be the world of your genera- 
tion, life in America must be profoundly affected. Na- 
tional life will be difficult. Individual life will be difficult. 
The formulas of day-to-day contemporary life will not 
suffice because many of them will not apply to the new 
situations. New formulas must be thought out, and in 
this thinking there must be a return to the very funda- 
mentals of science and living. There must be a clarifica- 
tion of basic philosophies—personal, professional, social. 
There must be clear, straight thinking. And to have 
these there must be genuinely educated people. Walking 
encyclopedias and handbooks will accomplish little. Col- 
lege graduates who have learned only the routine skills and 
formulas of their work will be intellectually lost in a world 
of new problems and thus will be ineffective in determining 
either social or individual destiny. There must be an 
intellectual renaissance, and that is your challenge. 

I have mentioned confusion and its consequences and 
how I find these related to your own interests. I wish now 
to consider the question why in a nation of incomparably 
great educational opportunity there should be such perva- 
sive confusion; why it is that the experience of 16 or 18 
years of formal study, especially the period of college study, 
does not cultivate in more students a deeper understand- 
ing and a greater intellectual competence? After I have 
considered this question, I shall indicate more fully the 
nature of the task you will face if you set out in earnest to 
cultivate your own mind to its full capacity. 
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Does the habit of confusion and superficiality among so 
many college graduates stem from an inherent lack of intel- 
lectual capacity? Many times I have heard this given as 
the reason. But my personal experience with students 
and large numbers of young graduates does not confirm 
this defeatist view. Now I know it is a long hard struggle 
for most of us really to learn the art of constructive 
thought, but I know too that many of us have more capac- 
ity for understanding and for intelligent thought than we 
are given credit for having. In college we may be slow 


in getting our thinking gears into mesh; and if while we 


are trying to get them into mesh the external machinery 
of classroom procedure moves too fast, the gears get 
stripped. Then disorder and confusion result. However, 
with a little more patience and a little more emphasis at 
the right points, more of us might have got our mental 
machinery into gear and successfully made the shifts until 
we got into high gear. No, I do not accept the view that 
inherent limitations of mind fix the intellectual achieve- 
ments of college graduates at their present levels. We all 
have our own limits, of course, and these are not the same 
for everybody; but I am convinced that there is still good 
leeway between actual and potential intellectual achieve- 
ment. So we must look elsewhere for the trouble. 

I have already hinted at it. We strip the gears. The 
trouble is that too much is undertaken in the time avail- 
able. In the modern curriculum there is so much subject 
matter to be covered that in the time available few, if any, 
students can cover all of it with understanding. The re- 
sult is that they do not understand much of what they 
have covered, or only partly understand it. They come 
to depending more and more upon memorizing, and less 
and less upon understanding. This process of racing 
through, with one eye on the next quiz, pages of words and 
formulas with half understanding or no understanding is 
utterly demoralizing. It is repeated in American colleges 
day after day, month after month, year after year, until 
superficiality becomes a habit, until confusion becomes ac- 
cepted as a normal state of mind. With such a habit 
firmly established in college, it naturally persists after- 
ward; and thus confusion and superficiality mark the 
minds of too many graduates. 

It is therefore a deplorable fact that the college diploma 
is usually not a certificate of a cultivated mind. Rather it 
may signify only that the graduate has acquired the 
requisite number of credits by meeting the course require- 
ments of grades, lessons, and attendance. And the meet- 
ing of these requirements is no guarantee of intellectual 
competence in the sense that I am stressing. The work 
may have been fully done and good grades received, and 
still the diploma might not be a certificate of a cultivated 
mind. JI meana mind that can cope with new situations— 
a mind that intelligently can find its way out of perplexi- 
ties, whether these be professional, personal, or social— 
and that has the capacity of humane appreciation. The 
test for identifying a cultivated mind is to face it with per- 
plexities—to face it with new situations not in the books 
but involving principles and knowledge which that mind 
has studied. Then see how it behaves. Does it grab for 
straws, does it become emotional, is it evasive, does it give 
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up? Or does it try to anchor to principle, does it have a 
philosophical base for its thought, has it essential knowl- 
edge, however limited, that will give meaning to its prin- 
ciples and to its philosophy, and can it think logically in 
applying all of these to the understanding and solution of 
the new situations with which it is faced? I might state 
the point in still different words. An educated person is 
one whose intellect has been cultivated in the processes of 
understanding, of thinking, of appreciating, of solving per- 
plexities; and the only way yet found that I know of to 
cultivate these processes is actually to engage in them, to 
experience them, and to keep on experiencing them at in- 
creasing levels of difficulty. Thus, the question whether 
at commencement you, and indeed all other college gradu- 
ates, will have achieved the status of educated persons will 
not, I am afraid, be answered completely by the fact that 
you and they have received diplomas. Moreover, neither 
will the extent to which you have approached that status 
be necessarily measured by the number of courses you have 
taken, nor yet infallibly indicated by our grades. But you 
can measure it. You can tell whether you understand 
thoroughly what you have studied, whether you have 
grasped great truths and worked them into your thinking 
so that as time goes by you can think your way out of 
situations and problems of increasing difficulty. You can 
know your own mind. Do not rest upon the assumption 
that a college diploma tells the whole story. It does sig- 
nify that you have completed a college program and it may 
also be a ticket to a job; but it is not a ticket to the ranks 
of intellectual competence or to a successful career. 

I am trying to have you grasp what I consider to be the 
most important thought in your educational career. It 
is this: that genuine education—the only kind of educa- 
tion that will help you to advance professionally and that 
will help you to live a life of service and satisfaction in a 
changing world—is not to be achieved merely by memoriz- 
ing large quantities of miscellaneous information; it is not 
to be achieved merely by learning formulas, important as 
many of these may be; still less is it to be achieved by 
memorizing the words or the symbolisms of such informa- 
tion without understanding what they mean. It is to be 
achieved only by the acquisition of fundamental knowl- 
edge that is thoroughly understood and by the develop- 
ment of a purposeful attitude of mind and of a competence 
in thinking your way out of perplexities. 

I realize I am on delicate ground. I run the danger of 
suffering your judgment that I indulge in pedantic counsel 
to you, and the faculty’s judgment that my appraisal may 
be too pessimistic. I hope that I may not deserve such 
judgments; but if I seem to, may I ask that before the 
judgment becomes final, you at least think over carefully 
what I say and place it against the background of the 
world changes you see on all sides. 

In any case, do not misunderstand me. Memorized in- 
formation and formulas are of course important, indeed 
they are essential, but only so if they are thoroughly under- 
stood and furthermore are related in your own mind to a 
definite intellectual purpose. Then they cease to be mis- 
cellaneous information and become knowledge. For in- 
stance, it is futile to learn, however perfectly, the language 
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_ words, unless one can visualize and interpret a physical 


of Newton’s laws of motion unless the significance of the 


language is clearly comprehended in its relation to the 
tangible physical facts which these laws correlate; in other 


situation involving these laws. 

Let me be more specific regarding the nature of genuine 
education as I conceive it. I will discuss four essential 
elements which I have already mentioned in passing. The 
first is the acquisition of fundamental knowledge; that is 
to say, the learning and understanding of great basic 
truths and of a sufficient background of related fact to 
give definite and constructive meaning to those truths. 
As great truths I include those in the physical world, in the 
social and economic world, and in the realm of the human 
spirit. There are not many. I refer to such principles as 
the law of conservation of energy; the law of diminishing 
return, the principle underlying the golden rule. There 
are of course hundreds, perhaps thousands, of principles 
and formulas derived from such basic truths, much as the 
numerous theorems of geometry are derived from a few 
fundamental premises; and then there are perhaps a few 
hundred more based upon somebody’s opinion. But it 
would be both hopeless and futile to undertake to learn 
allofthem. One must discriminate between these and the 
great truths that form the bedrock of intelligent thought. 

A second element is the development of a philosophy of 
life. This is along process. It is settling upon basic pur- 
poses and attitudes in life and the reasons for them; it is 
placing the indispensable underpinnings of faith and cour- 
age and self-confidence. It is a continuing building proc- 
ess—the process of testing against the experience of your 
own life and the recorded lives of others, those purposes 
and attitudes that are tentatively adopted and of thus 
selecting and fitting in, piece by piece, the structural units 
of a life purpose. For instance, one important and im- 
mediate unit in this structure with which you are now pre- 
sumably concerned is professional purpose. I do not 
mean the specific details and place of your future work, but 
the broad lines of professional activity that now seem to 
offer the greatest promise of those satisfactions which, 
after careful thought, you have come to cherish. 

Next I mention humane appreciation. A mind or life 
that shuts itself off from an understanding of man as a 
human being; that shuts itself off from an appreciation of 
the desires and disappointments, the yearnings and satis- 
factions that motivate human activity; that shuts itself 
off from an appreciation of the literature and arts through 
which the human soul has attempted to express itself— 
such an isolated mind or life is only half human, and there- 
fore not genuinely educated. 

Finally I come to intellectual competence. Without 
this competence the other elements I have mentioned— 
fundamental knowledge, a philosophy of life, and humane 
appreciation—would represent merely passive satisfac- 
tions. Such satisfactions are of course important fruits 
of education. But they do not constitute a whole; they 
are complementary to another fruit—the fruit of construc- 
tive thought. And to achieve this competence in think- 
ing one’s way out of perplexing situations is to round out 
that genuine education which I am urging upon you. 
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Do you want that kind of an education? Do you wish 
to prepare for keen competition? Do you wish to pre- 
serve your precious liberty of thought, speech, and wor- 
ship? 

If you want these things you can have them, provided 
you pay the price. I doubt that the price is any higher 
than you are now paying, for I know most of you are al- 
ready working hard. But it is a different kind of price. 
It is the price of taking the initiative in your educational 
work. This demands of you greater resolution than does 
merely following the regimen of classwork. It requires 
greater devotion to purpose. 

No one can possibly do this educational job for you. 
The assumption that the instructor can do it for you is the 
basis for more educational confusion than any other I can 
think of, save one, namely, the assumption that education 
is achieved by memorizing a lesson merely in order to re- 
port it back on a quiz and get a grade. A recent defini- 
tion, if I may be facetious, is that education is the process 
by which the instructor’s notes get into the notes of the 
student without passing through the brains of either. 
No, the kind of education I am proposing cannot be given 
to you; you must win it by hard intellectual struggle in 
which you take the initiative. The faculty may inspire 
you to intellectual effort, but you must exert it; the faculty 
can help you to understand, but you have to do the under- 
standing; the faculty can coach you in the art of logical 
thought, but you must do the thinking; and the faculty 
can help you to cultivate good taste and humane apprecia- 
tion, but you have to do the cultivating. Every time you 
struggle with a new concept and master 1t—for instance, 
a physical law, or an economic theory, or a concept of art— 
you will have made an educational advance, you will have 
added to your intellectual stature. Furthermore, every 
time you make use of such a law or theory or concept to 
think your way out of a perplexity or to experience a new 
appreciation, you will have achieved another and further 
intellectual advance. But in both cases you must do the 
job. You, not the coach, must carry the ball. 

So I urge you to take the initiative and learn to use your 
heads. In the first place, dig yourself out of confusion. 
Insist on understanding! Do away with superficiality! 
Stop memorizing words and formulas that you do not 
understand, merely for a grade. Do not go on cultivating 
a habit that will cripple your mind for the rest of your 
days—the habit of superficiality, the habit of accepting 
confusion as a normal state of mind, the habit of playing 
on words that carry no meaning. You know when you 
understand and when you do not; when you grasp a point 
that is clear and clean cut and when, instead, it is blurred 
and confused. With all the emphasis in meI repeat: In- 
sist on understanding! Then, under the guidance of the 
faculty in your regular class programs, but under your own 
initiative, you will be in position to go forward more effec- 
tively and more rapidly with the acquisition of great 
truths, the evolution of a philosophy of life, the cultiva- 
tion of humane appreciation, and the development of intel- 
lectual competence—in other words, a genuine education 
gauged to the demands of the changing world in which you 
will live. 
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TATICelectricity received 

scant attention from the 

layman until the use of 
radio receivers became wide- 
spread a few years ago. Al- 
though atmospheric and man- 
made interference with radio 
communications produced 
many difficult and interesting 
problems for the radio engi- 
neer, it was, and still is, just 
a nuisance to the general run of broadcast listeners. 

The public, however, is more static-conscious today 
than ever before. This is due, no doubt, to the frequent, 
almost daily press reports of disastrous fires and explo- 
sions attributed to discharges of static electricity, in grain 
elevators, oil refineries, munition plants, paint factories, 
and other industrial operations. News items of explo- 
sions “caused by static’? in motion-picture projection 
booths, hospital operating rooms, domestic kitchens, and 
gas-filled basements of school houses vividly emphasize 
and bring home the subject of static electricity to the 
newspaper reader. 

Rapid and extensive developments in industrial proc- 
esses and equipment, coupled with the fact that so little 
really is known about the generation of static electricity 
and the vagaries of its behavior, seem to account for the 
alarming increase in the number of industrial fires and ex- 
plosions presumably and probably caused by it. 

The voltages which result from rapidly moving belts, 
conveyors, paper stock, fabrics, and similar materials, as 
well as those which originate at nozzles from rapidly issu- 
ing steam and other gases, attain amazingly high values 
under favorable conditions. It is not generally known 
that charges of electricity are produced under conditions 
of violent turbulence and high velocity, when liquids, such 
as petroleum and its fractions—gasoline, naphtha, kero- 
sene, and others, are pumped through pipe lines, and that 
the accumulation of these charges at the terminal tanks 
under certain conditions can cause high voltages to be de- 
veloped. 

In these various ways, voltages ranging from a few 
thousand up to as high as 75,000 volts have been recorded, 
in some cases with large quantities of stored charge ready 
to arc to ground. 

Surprising as it may seem, one can generate a stored 
charge in his body at a voltage as high as 10,000 volts by 
scuffing over a woolen rug on a dry, cold day and, upon 
discharge, cause a spark of sufficient intensity to light a 
cigarette lighter or a gas jet. Even this commonly known 
phenomenon can be potentially dangerous. Recent news- 
paper accounts described the ignition of vapors from anes- 
thetics being administered to patients on the operating 


the problem. 
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Although the public is becoming increasingly 
conscious of the fire and explosion hazards 
presented by static electricity, development of 
precautionary measures has been seriously im- 
peded by lack of understanding of the nature of 
This study of the fundamental 
elements of static electricity on rubber-tired 
vehicles is intended to provide a basis for 
developing methods of control. 
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table, causing the patients’ 
deaths. The vapors were 
ignited by the discharge of 
body charges of the surgeons 
generated by their scuffing 
about on the rubber floor mats 
during the operation. 

From a humane point of 
view alone, tragic accidents of 
this sort call for a widespread 
and concentrated study of 
the generation, behavior, and control of static electricity. 
The wasteful costs of litigations arising from such acci- 
dents and the losses occasioned by the destruction or 
damage of properties constitute an economic and engineer- 
ing problem of importance. 


HAZARDS OF STATIC ELECTRICITY ON RUBBER-TIRED 
VEHICLES 


A great many fires and explosions are known to have 
originated from the sparks resulting from high-voltage dis- 
charges on gasoline trucks, oil trucks, and carriers of ex- 
plosives and of other inflammable materials. Fires have 
occurred at bulk plants and distributing stations of the 
gasoline and petroleum companies, despite the employ- 
ment of rather costly protective devices installed in the 
hope that such devices would discharge all traces of static 
electricity. Static electricity is an ever-present menace 
to all industries which manufacture and transport inflam- 
mable and explosive commodities. Many people are sur- 
prised to learn that an empty gasoline truck, in which the 
residual vapors are thoroughly admixed with air, is no less 
of an explosion menace on highways than a load of dyna- 
mite. Even the static-electricity shocks from busses and 
automobiles should not be considered lightly, since, in 
cases of impaired health, they have been known to lead to 
serious consequences. 

Since the use of rubber-tired vehicles for industrial car- 
riers is being extended into many new fields, the fire and 
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explosion hazards from static electricity are being multi- 
plied. Too frequently precautionary measures which 
should be taken against these dangers are unknown to 
those employed in these industries. In fact, since prac- 
tically no authentic information has been published on this 
subject of static electricity on rubber-tired vehicles, it is 
problematical where information and advice on the subject 
could be obtained. 

The author was similarly confronted with this dearth of 
information about two years ago in connection with a court 
case in which a fire was believed to have been started by 
the discharge of static electricity from a storage tank that 
was being filled by a gasoline delivery truck. Since that 
time he has conducted many tests on pleasure vehicles, 
busses, trucks, and tank trucks, both on the highways and 
on the new Otis “proving stands,” for the purpose of se- 


» curing as complete information as possible on the subject. 


THE VARIABLE FACTORS IN THE PROBLEM 


These tests led into devious and lengthy studies in order 
to determine where and how the electric charges on the 
car bodies were generated, what their polarities and dis- 
tributions were on the tires and on the car bodies, what the 
magnitudes of the voltages were between the car body and 
ground, how the characteristics of the roadways affected 
the problem of generation, how conditions of tire-loading, 
tractive effort, and temperature influenced the voltage, 
and how other such variables as humidity, seasons, types 
of roadways, and tire conditions entered into the general 
problem. The problem contains many variables, some of 
which do not lend themselves readily to control unless 
costly methods are employed. The results of these 
studies are recorded in this article. 

The seat of the generation of electric charges that con- 
stitute the electrification of a rubber-tired vehicle is at the 
area of contact between the tires and the roadway. The 
process of electrification is identical with the well-known 
ones of charging ourselves by scuffing on a woolen rug, or 
of charging a vulcanite rod by rubbing it with a piece of 
fur. One of the substances acquires charges of positive 
electricity while the other gains an equal number of charges 
of negative electricity. Since rubbing is commonly asso- 
ciated with this method of electrifying substances, it is not 
difficult to understand how the misnomer ‘“‘frictional elec- 
tricity’ was given to the process many years ago. Ac- 
tually, friction plays no part in the fundamental nature of 
electrification of substances brought into intimate contact. 
The application of pressure or friction between the sub- 
stances simply helps to establish more extensive and at 
the same time more intimate contact of one substance 
with the other. Really there is no such physical phenome- 
non as frictional electricity. 


THE PRINCIPLE OF ““CONTACT DIFFERENCE OF POTENTIAL” 


This process of electrification is that known as “contact 
difference of potential’. It is a most interesting phe- 
nomenon about which much yet remains to be learned. 
If two substances, say two metals, are placed tightly in 
contact, a redistribution of so-called “free’’ electrons takes 
place within them, and therefore a difference of potential 
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is established across their boundary, which is the contact 
difference of potential. The substance which gains elec- 
trons becomes negatively charged and the other, having 
lost electrons, becomes positively charged. The bound- 
aries of the metallic substances are normally bombarded 
by the free electrons in their attempt to escape, a condition 
that is similar to the boundary restraint imposed by sur- 
face tension against the escape of atoms of a fluid. The 
flow of the electrons between metals in contact occurs from 
that substance for which the lesser force acts at its bound- 
ary contacts to impede their escape. 

These contact voltages for metals have been found to 
range from a few tenths of a volt to about one volt. The 
surfaces that are firmly in contact are actually separated 
by distances of the order of molecular proportions, approxi- 
mating 1/100,000,000 inch or less. These orders of mag- 
nitudes are important, since, as we shall see, they deter- 
mine the values of voltages found in static electrification. 
As the two metals are now separated, the stretching of the 
lines of force between the positive charges on one and the 
negative charges on the other causes the voltage between 
them to increase, thereby tending to reunite these sepa- 
rated charges. Being free to move through the conduc- 
tive metal to the location of least potential difference, 
which occurs at the last point of remaining contact be- 
tween the surfaces, the two metals upon separation thus 
completely lose their charges and hence all evidence of 
former contact voltage. 

In nonconductors of electricity, with which we are con- 
cerned here, the electrons are unable to move about freely 
as in the metals. When a vulcanite rod, for example, is 


Figure 1. The normal distribution of charges on the bod 
of an electrified vehicle, showing the ‘‘wake’’ of positive 
charges in the roadway 


rubbed with fur, electrons are known to pass from the fur 
into the vulcanite at each point of contact and remain 
there fixed in position. The rubbing procedure merely 
serves to cause new areas to come into contact and to pro- 
vide additional interchange of electrons, thereby multiply- 
ing the amount of electric charge acquired by each surface. 
The contact voltage is probably somewhat lower than for 
the metals, but when the separation of their surfaces 1s 
made one important difference distinguishes the non- 
conducting substances from the metals. Since the charges 
are constrained to remain in fixed positions for nonconduct- 
ing materials, each substance retains about as many 
charges as were imparted to it by the contacts, and the 
difference of potential increases rapidly as the surfaces are 
separated and in inverse proportion as the capacitance de- 
creases (C=(Q/E), attaining values of many thousands of 
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volts. A similar condition is obtained by rubbing a metal 
with a nonconducting substance, provided the metal is 
insulated from ground so that it retains its charges. 


CHARGING THE VEHICLE 


Rubber tires are composed of organic materials which 
possess excellent insulating characteristics. This is also 
true of the materials which compose the modern highway, 
such as macadam, asphalt, concrete, or wood or granite 
blocks. As the wheels of the vehicles roll along these 
roadways, the tires acquire electrons and thereby become 
highly charged with negative electricity. The positive 
atomic charges lie as ‘‘wakes’’ behind the speeding wheels 
in the surface of the roadway, and they concern us no 
longer. However, the negative charges on the tires have 
a strong influence in electrifying the car body. 

The high negative electrification on the tire treads repels 
to the more remote parts of the car body the free electrons 
in the metal of those parts that are in closest proximity to 
the tires, such as the wheels and fenders. This leaves high 
positive electrification on the adjacent metal parts as so- 
called “‘bound”’ charges; and the repelled electrons on the 
remainder of the metal parts of the car constitute what are 
known as ‘free’ charges, because, if a path is provided 
for them, they will flow off to ground. Figure 1 shows the 
normal distribution of charges on a car body. This sepa- 
ration of the charges on the car body is the well-known 
process of ‘electric’? induction. In other words, the 
charges induced on the metal parts adjacent to the nega- 
tively charged tire treads are positive ions because the 
free electrons are repelled, and these positive charges and 
the negative charges on the tires are bound by a strong 


Figure 2. Cars undergoing the measurement of their electrostatic voltage at the Marine 


Parkway Bridge, Brooklyn, N. Y. 
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electric field which exists between them—a condition 
which is measured by their potential difference or the volt- 
age. 

If the negative electrification on the tires is assumed to 
be removed by neutralizing the charges, the “‘free’’ charges 
would no longer be repelled, so they would flow back and 
neutralize the positive ions, or “bound” charges. The car 
body would then be again uncharged and no voltage 
would exist between it and ground. On the other hand, 
when the car was normally charged by induction from the 
electrified tires, suppose the ‘free’ charge had been con- 
ducted to ground by momentarily connecting the car body 
to a hydrant, and suppose the negative charges were then 
neutralized on the tire treads, the positive ions which are 
fixed in their positions in the metal structure then would 
be the only charges on the car. They would strongly at- 
tract free electrons to neutralize them, thereby leaving 
positive ions distributed over the entire body. Since 
these positive charges cannot escape, the car still would 
have its previous value of potential above ground, only it 
now would be positive, whereas prior to discharging the 
‘free’ negative electrification, the potential was negative 
with respect to ground. These various conditions were 
measured and checked, both on road tests and on the Otis 
proving stand, by voltmeter, by microammeter, and by 
electroscope—the latter being a device by means of which 
the presence of a minute amount of charge and its polarity 
may be determined. 


METHODS OF TEST 


During the early stages of testing for voltages between 
car bodies and ground, readings were taken on cars as they 
came to a standstill at the toll 
booths at the Holland Tunnel 
in New York City, and at the 
Marine Parkway Bridge in 
Brooklyn. An electrostatic 
voltmeter was employed for 
these measurements which had 
various scales calibrated in 
volts up to 15,000. The ground 
terminal of the meter was con- 
nected to a grounded stan- 
chion, and the high-potential 
terminal was connected to a 
wire which was attached to a 
contactor on a pole, like a fish 
pole, that could be touched to 
the bumpers of cars as they 
stopped for toll. Figure 2 
shows such a view. These 
readings were taken largely 
during the summer months. 
Busses and trucks, and espe- 
cially heavy gasoline trucks, 
gave the highest voltage read- 
ings, approximating 5,000 
volts. As was found later, the 
voltages at these locations were 
affected greatly by the high 
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by the direct exposure to salt 


humidity of thesummer season, 


atmosphere, by hot tires, by 
relatively low surface resistiv- 
ity of the roadway, and by 
various other factors. 

Later the author equipped 
his automobile as a traveling 
laboratory for tests on static 
electricity. A metal contactor 
was attached to, although in- 
sulatedfrom, the front bumper, 
being located midway between 
the front wheels, so that it 
could be lowered to the pave- 
ment; and by means of an in- 
sulated wire this contactor 
could be connected to the 
ground terminal of the electro- 
static voltmeter. The high- 
voltage terminal of the meter 
likewise could be connected to 
either of two insulated wires, 
one from the inner surface of 
a fender, and the other from the upper part of the car body. 
During the dry, cold weather, the meter indications were, 
for the most part, well off the 15,000-volt scale and subse- 
quently a 30,000-volt scale was added to the meter. When 
the car was stopped at these times, the voltage was found 
to remain at its high value for the full duration of the 
stop of 20 minutes or more, sometimes with no apparent 
decrease, while at other times the indication would very 
gradually diminish, giving evidence that hours might be 
required for total discharge. 

Under these conditions the use of the so-called “‘drag”’ 
chain, as frequently seen with two or three links dangling 
on the pavement at the rear of gasoline trucks, was found 
to make no measurable difference in the rate of decrease of 
the voltage on the car. For such tests, a set of two skid 
chains was attached to the bumpers so as to provide ex- 
tensive contact with the roadway between the wheels. 
Since the pavement was not grounded but rather com- 
prised a most excellent insulator, the “drag’’ chains, ob- 
viously, could not be expected to discharge the car. Sur- 
face resistivities of roadways, as measured by a 1,000 volt 
d-c megger, between two parallel metal strip electrodes, 
each 4 inches long, and separated about 1/4 inch, ranged 
between 1,500 megohms and values well beyond the 2,000- 
megohm meter scale. Also tests taken of the resistance 
through the pavement to the ground beneath indicated 
values of a similarly high order. This was equally true 
for asphalt and concrete roadways. 

In order to control some of the variable factors which 
influenced the voltage generated by rubber-tired vehicles, 
many of the tests were conducted on various types of ve- 
hicles by means of a high-speed chassis dynamometer. 
The rear wheels of the car rest upon and drive large drums 
on this device, which can operate a generator for the pur- 
pose of applying any desired value of load to the car. In 
this way readings of the electrostatic voltage could be 


Figure 3. 


May 1941 


Beach—Static Electricity 


A Ford sedan being tested for electrostatic voltage on the Otis proving 
stand at the garage of the Brooklyn Edison Company 


taken under any desired load from no-load to heavy loads 
and at speeds up to 70 miles per hour. Such variables as 
air currents, changes in humidity, and changing roadway 
conditions could be eliminated or controlled in these tests. 
The drums upon which the rear driving wheels operate 
were grounded, and the voltmeter was connected between 
any desired part of the car body and the ground. The 
dynamometer, and one of the many cars tested, together 
with the various apparatus, are shown in figure 3, 


RESULTS OF DYNAMOMETER TESTS 


The tests for the voltage which was developed between 
car body and ground were taken on cars by means of the 
dynamometer which was operated from speeds of zero to 
60 miles per hour at no-load. This condition is equivalent 
to driving the cars along a level highway without even the 
resistance of windage. The voltage characteristics for a 
passenger car and for a five-ton dumper truck are shown 
in figure 4 as curves, which appear similar in form to the 
well-known magnetic saturation curve. The three curves 
for each vehicle are taken for three different pressures 
of tire inflation. The decreasing rate of voltage rise be- 
yond the knee of the curves for the high speed values im- 
plies that a condition of electrification on the tires is ap- 
proached where further inflow of electrons from the road- 
way surfaces is increasingly opposed by the intensity of 
the negative charge already present on the tire treads. 
This behavior is particularly noticeable for the curves of 
the lightweight passenger car. 

The other voltage-speed curves that are shown in figure 
5 for the same car with other values of tire inflation are 
similar in form, as may be seen, differing only in the magni- 
tudes of the voltages. For the highest tire inflation of 
the passenger car, the tire loading was 34.5. pounds per 
square inch, and the voltage is seen to rise to higher values 
than for lower inflation. From the theory of contact po- 
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tential difference, this condition is to be expected. With 
the higher unit loading of the tires, the tire fabrics are 
forced down into more intimate contact with the micro- 
scopically rough and hilly surfaces of the drums in the case 
of the dynamometer or of the highway in general. For the 
normal inflation, as shown by the middle curve for the 
passenger car, the unit tire loading was found to be 31.7 
pounds per square inch, and for the lowest inflation, the 
bottom curve, the loading was 29.1 pounds per square 
inch. Curves of similar form have been obtained on the 
highway for voltage versus speed, but the results are more 
difficult to obtain and are not, in general, as readily re- 
producible. 

The curves for the five-ton truck show that the same gen- 
eral results were obtained as for the passenger car except 
that at no load the voltage of approximately 13 kilovolts 
was obtained for a speed of about 40 miles per hour rather 
than at 60 miles per hour as shown in figure 4 for the light- 
weight car. This significant fact indicates that much 
higher voltages would be generated by the truck at higher 
speeds before the curves reached their maximum values. 

The same two vehicles were then given a series of load 
tests. One such test consists of loading the generator of 
the dynamometer, while the pounds of push, or tractive 
effort, at the treads of the rear wheels are increased in 
order to maintain a constant speed of drive. The effect 
of this loading on the generated voltage is observed to 
vary linearly with the tractive effort. These tests were 
taken at four different speeds for the passenger car and at 
three different speeds for the five-ton truck as indicated 
by the curves of figure 5. As the push increases at the 
treads of the rear tires, the rubber fabrics in tending to 
slip are forced closer into the interstices of the molecular 
surface structure of the drums, or roadway, with a result- 
ant increase in the extent of the contacting surfaces and 
therefore in the proportionate voltage. 

In the case of the truck, the slope of the curves of volts 
versus tractive effort is about 800 volts per 100 pounds of 
tractive effort, while for the passenger car, the slope is 
only 300 volts per 100 pounds of tractive effort. The 
measured values of tire loads for the truck and for the 
pleasure vehicle are, respectively, 119 pounds per square 
inch and 34.5 pounds per square inch. If the ratio of these 
two values of slope voltages is compared with the ratio of 
the two values of tire loads for the two vehicles, the two 
ratios are seen to have remarkably close agreement. 

This porportionality of voltage to tire loading is in ac- 
cord likewise with the principle of ‘‘contact difference of 
potential’. As explained before, the greater the tire load- 
ing, the greater the extent of the surfaces that are pressed 
into contact, and therefore the greater the voltage. For 
these and other reasons, it is believed that voltage values 
ranging between 30,000 and 40,000 volts may be generated 
on the highways by busses and trucks at high-speed opera- 
tion. 

Additional interesting information was obtained from 
a number of tests made on a high-speed chassis dyna- 
mometer employing drums composed of compressed paper. 
Since these drums were excellent insulators, rather than 
conductors, as were the grounded metal drums of the Otis 
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Figure 4. A family of voltage “‘saturation’’ curves for the 
Ford car shown in figure 3 and for a five-ton dumper truck 


proving stand, the electric charges that were generated on 
the paper drums during operation remained on their sur- 
faces. Because of this they neutralized in part the nega- 
tive charges on the tire treads. The voltages in this case 
would not be expected to rise to as high values as formerly, 
and were found not to do so. Steel wire brooms, in which 
the bristles had been grounded, were then placed upon the 
surfaces of the drums, so as to permit the positive charges 
to be neutralized, as rapidly as they were generated, by 
electrons from the ground. As soon as this was done, the 
voltage increased to about double its former value. 

These tests also clearly demonstrated the effect of in- 
creasing temperature on lowering the generated voltage. 
Since the paper drums are likewise excellent heat insula- 
tors, the temperature of the tires increased appreciably 
with the duration of the voltage-speed tests. The volt- 
age for a no-load test, at first, increased for speeds up to 
30 miles per hour, after which it then decreased as the 
speed was increased up to 60 miles per hour, falling off 
about 20 per cent from its maximum value. The tem- 
perature was approximately 80 degrees Fahrenheit, or 
about summer heat, whereas the ambient temperature was 
63 degrees Fahrenheit. In a subsequent test, when a 
temperature of about 124 degrees Fahrenheit was at- 
tained on the side walls of the tires, the voltage continu- 
ously decreased, under no-load and constant speed, from 
6,600 volts, by one minute intervals, to 5,600 and then to 
3,200. Apparently, from special studies directed to this 
phase of the electrostatic-voltage generation, the contact 
difference of potential is lowered as the temperature of the 
tires is increased. Tires do become warm during opera- 
tion in the summer months, but in the winter season, in 
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the cool or cold climates, they run cool. They are cooled 
in part by natural windage but largely by the cold new 
areas of roadway with which they are continually coming 
m contact. 

EXPERIENCES ON ROAD TESTS 


On many occasions the voltage of the car body was 
found to decrease as the car slowed down on the high- 
way and to become zero when it stopped. This condition 


“was observed to be coincidental with that of the car body 


being of negative polarity throughout rather than positive 
nearest to the tire treads and then negative elsewhere on 
the body, as was shown in figure 1. These related facts 
led to the inference that the roadway surface was slightly 
conductive as the result of a moisture film caused, per- 
haps, by a certain meteorological condition. Not only 
did this permit the negative charges on the tire treads to 
be neutralized as the car stopped, but the tire walls be- 
came sufficiently conductive when the car was running to 
charge the car body by conduction rather than by induc- 
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Figure 5. Voltage-load curves for the Ford car and five-ton 
truck, simulating the condition of ascending steeper and 
steeper grades at constant speed 


tion, and of course, when it stopped, the car readily dis- 
charged by the same process. This demonstrates, as has 
been proved otherwise, that the degree of dryness of the 
roadway is the all-important factor in determining how 
long the electrification will remain on the car body. 

Discharge tests taken on edges and points of metal of 
the sharpness of those found on the parts of the car body 
show that, at the higher voltages, brush discharge causes 
some lowering of the voltage. This discharge occurs 
across the side walls of the tires between the positive and 
negative areas of electrification, as well as from the other 
parts of the body into the air. This means that a con- 
tinuous generation of charges must occur, if the voltage 
is to be maintained at high values. 
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HAZARDS FROM SHOCKS 


Measurements have been taken of the capacitance of 
pleasure cars with respect to ground, wherein the metal of 
the car body is considered as one plate of the capacitor 
and the earth the other, with the dielectric or insulation 
between as a complex composite of the intervening air, and 
the rubber tires. These values range from 500 to 650 
micro microfarads. For large trucks, busses, and large 
tank trucks, the capacitance ranges between 950 and 1,500 
micro microfarads, and for the body capacitance of people 
its average value is about 120. 

Assume a truck, having a capacitance of 1,000 micro 
microfarads and charged to a voltage of 20,000 volts, to be 
touched by a person whose resistance from fingers through 
his shoes to ground is 20,000 ohms. The current through 
his body then is limited at the instant of contact by his 
resistance to a value of 1 ampere, which value reduces to 
1/3 ampere in about 20 microseconds, and it becomes about 
zero in 60 microseconds, after which the truck, as a 
capacitor, then becomes practically discharged. However, 
a current of 1 ampere might be dangerous even though of 
very short duration, and might prove fatal if it should pass 
through the heart. Very little is known of the physiologi- 
cal effects of current of short duration through the body. 
Under certain conceivable conditions this resistance might 
be as low as 2,000 ohms, and the current at the moment of 
contact could be as large as 10 amperes. 

Fortunately, people are normally well insulated from 
ground by their shoes, which, when dry and soled with 
rubber, may have insulation resistance as high as 100 
megohms. In this case a person who touches an electri- 
fied vehicle becomes charged from it just as any capacitor 
might be charged by conduction from another. Assum- 
ing the same numerical values as given for the truck, and 
that the person touching it has a capacitance value of 
about 100 micro microfarads and a contact resistance of 
3,000 ohms, the first inrush of current would be over 
6 amperes, but it would decrease to practically nil in about 
1 microsecond. Perhaps in this case only an unpleasant 
shock would be obtained with the customary tingling effect. 
Frequently such experiences are passed off in good nature, 
although strong and robust mechanics are known to have 
been thrown violently to the ground asa result of severe 
shocks received from the static electrification of trucks. 


PROBLEMS OF CONTROL OF STATIC ELECTRIFICATION ON 


VEHICLES 


Consider again the case in which the body of the vehicle 
has been discharged of its ‘‘free’’ negative electricity by 
grounding it, as was previously explained. The tires still 
retain their high charge of negative electricity and the 
high positive electrification is still held “bound” at the 
wheels and fenders. This condition of “discharge’’ may 
have been attained through the grounding of the vehicle, 
say a tank truck, by means of the grounding grids that are 
sometimes used at the distributing or bulk stations of gaso- 
line companies. Yet the potential hazards of sparks still 
remain. Any conducting object that is allowed to touch the 
tire and the fender may produce the necessary spark to ini- 
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tiate a fire or explosion. Quite likely many of the ‘‘myste- 
rious’ fires in and about these bulk stations have been started 
in just this way. Nor does one such discharge terminate the 
difference of potential at these locations. Since the rub- 
ber of the tire is an insulator, only those negative charges 
on the tire where the conducting object touches are neu- 
tralized by an equal number of positive charges on the 
fender. The resulting spark may be feeble in many in- 
stances, but in others a strong, vigorous spark may result. 
Demonstrations simulating these conditions have estab- 
lished the validity of these conclusions, and they have 
proved how ineffectual the elaborate grounding grids at 
the distributing stations of the oil companies may be as 
safeguards against the fire hazards of static electricity. 

With the body of the vehicle discharged of the ‘‘free”’ 
electrification by grounding it, as previously explained, a 
sense of false security from the latent dangers of static 
electricity all too often results. To see how hazards of 
sparks still may exist despite the elaborate practices of 
grounding, assume that the grounding connection has 
been removed. If now the negative electricity on the 
tires becomes neutralized or discharged in any manner, 
the previously “bound” positive electrification at the 
wheels and fenders is released, and it then distributes itself 
over the surface of the body identically as did the “‘free”’ 
negative charges just prior to the grounding procedure. 
Now the full force of the fire and explosion hazards of the 
static electricity is again present, although the truck body 
was duly grounded and the normal negative electrification of 
the body discharged. Such are the “lurking” dangers 
that hover about as menaces to safety, and unless these 
hazards are recognized and preventive procedures estab- 
lished to dissipate their latent energies, continued loss of 
life and property is the inevitable consequence. 

Progress in solving these problems of static electricity 
on rubber-tired vehicles has been retarded throughout the 
years by lack of recognition of the basic elements of the 
problem. Many “crackpot” and costly attempts to solve 
the problem without any knowledge of the offending ele- 
ments have led to the uses in varying degrees of ‘‘drag’’ 
chains, or of rubber ribbons surfaced with conducting 
coatings attached to the under chassis of busses and 
trucks, or of tires painted with conductive coatings of 
graphite or aluminum, or even of tires marked with pencil 
lines. In fact, tires have been placed on the market that 
are made of so-called conductive rubber—that is, of rubber 
whose normally high resistivity has been considerably 
lowered by the addition of “loading’’ ingredients possess- 
ing conductive qualities. 

None of these attempted methods of solution recognizes 
the element of generation of the electrification, where it 
occurs, or particularly how the charges are stored on the 
body of the vehicle. If the tires were highly conductive, 
say even of metallic composition, as long as the roadway 
continues to be an excellent insulator the generation of 
high electrification is fundamentally unchanged. Ob- 
viously, too, if the roadway possessed high resistivity, the 
charges on the tires could not readily flow away, and there- 
fore they would remain on the body of the vehicle, possibly 
for hours. The charges in the case of conductive tires 
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would not be induced on the body of the vehicle as shown 
in figure 1. Instead, the negative charges would flow, by 
conduction, to the wheels and thence to the other metal 
parts of the body, and the difference of potential between 
the body and the ground would be determined by the 
amount of charge generated at the tire treads, much as it 
is in the case of the normal type of rubber tires. 

The author hopes that his efforts to present the funda- 
mental elements of static electricity on rubber-tired ve- 
hicles in these studies will be rewarded by their giving en- 
couragement to others to attack various phases of the 
problem. Perhaps methods of reducing the generation 
of charge at the tire treads may be devised. This would 
strike at the very heart of the problem. A study of simple 
means for discharging the static electricity as it is gener- 
ated offers an attractive field for investigation. Basically 
the civil engineer has an interest, if not a definite responsi- 
bility, in the problem, since the laying of modern highways 
which possess these high resistivities is a product of his 
conception. Perhaps he can solve the problem in some 
manner by devising a conductive road surfacing. 


A Simplified Adjustable-Speed Drive 


A ies high-torque characteristics of a d-c series motor 
are combined with a flat speed characteristic similar 
to that of a shunt machine in a newly developed a-c ad- 
justable-speed drive recently announced by the Westing- 
house Electric and Manufacturing Company. The drive 
has a continuously variable speed range of ten to one and 
consequently is more flexible than adjustable-speed units 
employing wound-rotor motors. As may be noted from 
the accompanying diagram, the drive includes three ma- 
chines: a squirrel-cage induction motor driving a series 
d-c generator which is directly connected to a d-c series 
driving motor. Speed adjustments are made by varying 
the resistance connected in parallel with the generator 
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series field. This type of drive is applicable to a wide 
variety of industrial power applications requiring from 
1 to 15 horsepower. As line-start induction motors are 
used, the set is started and stopped by means of push- 
button control. As the output of the self-excited gen- 
erator builds up gradually under normal starting condi- 
tions, the driving motor is “cushioned” against mechani- 
cal shock. 
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Daytime Photoelectric Measurement of Cloud Heights 


HE height of the cloud 
Tests and information 
concerning the rate at 
which it is rising or falling 
above an airport are of par- 
ticular interest to the pilot who 


is scheduled to land at that 


MAURICE K. LAUFER LAURENCE W. FOSKETT 


Information on the height of the cloud ceiling, 
vitally important to airplane pilots, now may be 
obtained during the day as well as at night. The 
use of the "ceiling projector” has been extended 
to daytime measurements by means of a photo- 
electricdetectordeveloped by the National Bureau 
of Standards for the United States Weather Bureau. 


photoelectric tube resulting 
from the background light 
limits the detection. The shot 
noise is caused by the fact 
that photoelectrons are emitted 
at random, even when the 
illumination is constant. The 


airport within an hour or so. 
In the United States and r 
Canada, the meteorological services use “ceiling projectors” 
at airports to determine the height of ceilings at night. 
The intense beam of light from such a projector forms a 
conspicuous spot on the base of the cloud. A simple 
optical instrument at some known distance from the pro- 
jector is used to measure the angle between the line of sight 
on the spot and the line of sight on the projector. The 
tangent of the angle of elevation of the spot, multiplied by 
the base-line distance from the optical instrument to the 
projector, gives the height of the ceiling when the base 
line is horizontal and the projected beam is vertical. 
Several years ago, W. E. Knowles Middleton of the 
Canadian Meteorological Service initiated the first work 
on a photoelectric detector that would extend the use of 
the ceiling projector to the daytime measurement of 
cloud heights through the utilization of a modulated beam. 
Modulating a projected beam so that, after scattering, the 
light retains its original ‘‘identification tag’’ was suggested 
in 1935 by Tuve! as a possible means of studying the upper 
atmosphere. The United States Weather Bureau re- 
quested the National Bureau of Standards to develop the 
necessary equipment for measuring ceiling heights in this 
way during the daytime. 


MEASURING EQUIPMENT 


Figure 1 shows schematically the arrangement of the 
equipment developed. The projector consists of a 24- 
inch parabolic mirror equipped with an a-c-operated high- 
intensity A-H6 mercury-vapor lamp. The modulation of 
the beam is approximately 95 per cent? and has a fre- 
quency of 120 cycles per second when the lamp is operated 
on 60-cycle current. A photoelectric tube and 8-inch lens 
are used to detect the modulated light signal after re- 
flection from the cloud ceiling. The signal is amplified by 
a five-stage 120-cycle resistance-capacitance tuned ampli- 
fier. In practice the detector scans the base of the cloud 
until the output meter indicates that the light signal is 
being received. The angular setting of the detector then 
corresponds to the angular elevation of the spot on the 
cloud. 


EFFECT OF BACKGROUND BRIGHTNESS 


The method described would seem to make it possible 
to sort out completely the modulated light signal from the 
background light of the cloud, but the ‘‘shot noise’’ of the 
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analogous “shot effect” in 
thermionic emission is well 
known. Thus the photoelectric-tube current produced 
by a constant background light may be considered as 
consisting of a steady component equal to the average 
current with a random varying current superimposed. 
This varying current produces across the photoelectric- 
tube load resistor a varying potential that is amplified 
in the same way as the modulated signal and may oblit- 
erate the signal. 
Statistical theory shows that the rms value of the vary- 
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SIGNAL LIGHT AND 
BACKGROUND LICHT 


Ad MERCURY LAMP 


manutd 
DETECTOR LIFTER 


BASE _ LINE (1000 FEET)—________, 


PROJECTOR 


Schematic diagram of equipment used to measure 
the height of cloud ceilings 


Figure 1. 


ing current is proportional to the square root of the aver- 
age current and the resulting amplified noise is propor- 
tional to the square root of the effective band width of the 
amplifier. In order to keep the average photoelectric-tube 
current produced by the background at a minimum, the 
optical system of the detector was designed to pick up an 
area on the ceiling no larger than the spot illuminated by 
the projector. A diaphragm was located at the focus of 
ee eee 


Based on a paper presented at the ninth annual meeting of the Institute of 
Aeronautical Sciences, January 29-31, 1941, New York, N. Y. 
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the 8-inch glass lens, and an RCA 929 photoelectric tube 
was placed immediately behind the diaphragm. The 929 
photoelectric tube was chosen because its response is high 
in the spectral region where the mercury lamp emits most 
of the energy usable in a glass system. With this setup, 
photoelectric-tube currents as large as 25 microamperes 
have been obtained when the detector is directed at clouds 
illuminated by direct sunlight. Such a current is more 
than 10 times the signal current obtained for moderately 
high ceilings. 

Johnson** has shown that, if the band width of the 
amplifier is sufficiently narrow, the limit of detection of an 
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Figure 2. Wiring diagram of output circuit having the fol- 
lowing circuit constants: 
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T 830 volts, center-tapped 
E 1.25 volts grid bias cell 


a-c signal in the presence of a random background noise 
depends only on the period of the output meter. The 
amplifier used has an effective band width of 100 cycles, 
which is narrow enough to make the minimum detectable 
signal dependent only on the period of the output meter if 
the background noise results from statistical causes; that 
is, if the background brightness of the clouds is constant. 
But during the time the scanning is made to find the spot, 
the background brightness will be varying, and, moreover, 
there may be large changes in brightness from cloud to 
cloud. The resulting variations in background noises may 
cause a change in the output current many times that 
produced by the signal when the spot is located, making it 
quite impossible at times to locate the spot. 
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If, however, a 120-cycle synchronous commutator, 
which is phased with the signal, is introduced between the 
amplifier and the meter, the average output current in the 
absence of the signal will be zero, because of the random 
phase of the amplified noise. Thus the variations in 
brightness of the clouds will not give a false indication of 
the signal, since the same average zero reading will be ob- 
tained for the noise whether the average photoelectric- 
tube current is 25 microamperes or 2 microamperes. A 
second advantage results because effectively an increased 
scale length can be used for the output meter. Normally 
the noise would produce an average reading 10 to 100 or 
even 1,000 times that resulting from the signal, but if the 
average noise-output current is reduced to zero, the entire 
scale of the meter can be used for indicating the signal. 


OUTPUT CIRCUIT 


An “electronic switching-circuit’’, which performs the 
same function as a synchronous commutator, is shown in 
figure 2. The rectified but nonfiltered output of the trans- 
former is the plate supply for the 6/7 tube. If the re- 
sistance R, is correctly adjusted, the plate current consists 
of square-topped pulses which are maintained for approxi- 
mately 1/240 second. The time average of the 7R drop 
across the plate resistor R; can be obtained from the 
potential across the capacitor C,. This potential is 
reasonably steady because of the long period of the series 
circuit consisting of R, and C,. Furthermore, the magni- 
tude of this potential is almost completely independent of 
the amplified noise from the amplifier because of the 
random phase, as in the case of a synchronous commu- 
tator. When a sustained and phased 120-cycle signal is 
added, the potential across C; increases or decreases, de- 
pending on whether the positive or negative portion of the 
signal is present during the time the plate current is flow- 
ing. A vacuum-tube voltmeter is used to indicate the 
change in the potential across C». 


RESULTS 


During the daytime, dark overcast clouds at an eleva- 
tion of 9,000 feet have been detected readily with the 
equipment described. For cumulus clouds illuminated by 
direct sunlight and having elevations up to 4,000 feet, the 
detection is positive. 

In order to determine the minimum signal which can be 
detected with certainty in the presence of a background 
light, battery-operated incandescent lamps were used to 
produce the background light. A signal light about 5X 
10~” times the background light was detected; this is less 
than twice the theoretical minimum. 
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The significance to plant engineers of the small-diameter and other new types 
of building wires, and the changes in temperature limits and current-carrying 
capacities, recognized by the 1940 edition of the National Electrical Code 


recognizes 19 different types of building wire. Only 

7 of these are rubber-covered building wires, yet when 
an electrical engineer thinks of building wire he almost in- 
stinctively calls to mind rubber-covered wire. This is 
because rubber insulation has been so generally satisfac- 
tory that it is produced and used in a volume vastly in ex- 
cess of all the other types of wires combined. Within its 
temperature and voltage limits it has no peer. Most of 
this article therefore will be devoted to rubber-covered 
wires, although other types will be mentioned briefly. 

The various types of insulated wire with their type let- 
ters, are listed in table I, with a brief description of the 
insulation, the outer covering, and the recognized use. 
Type & is the old familiar code-grade rubber which has 
been recognized in the Code for over 30 years. In fact, 
recently some of this wire was removed during remodeling 
of the Chicago testing station of Underwriters’ Labora- 
tories, Inc., after it had been in use for 35 years, and under 
test was found still to have good dielectric and physical 
properties. Its temperature limit is 50 degrees centi- 
grade, however, and that limitation forms the basis for 
much of the change that has taken place and for a tre- 
mendous amount of development work on the part of the 
wire industry. 

Type RW wire is very similar to type R except that it 
is compounded so as to have more resistance to moisture, 
a most desirable feature where continuously exposed to 
moisture as in underground runs. This wire has been 
recognized in the Code for only a few years and there- 
fore does not have the background of experience of type 
R, although some manufacturers have been making a simi- 
lar product as a specialty with much success over a period 
of years. 

Type RP is a performance-grade rubber, specially com- 
pounded to have a higher resistance to heat than code 
rubber, and is recognized up to an operating temperature 
of 60 degrees centigrade, which, as table II shows, has a 
decided bearing on its current-carrying capacity. 

Wire of RH, or heat-resistant, type has even greater re- 
sistance to heat and is recognized for continuous operation 
at 75 degrees centigrade. This type represents the high- 
est development to date in rubber-covered building wire. 


T= 1940 edition of the National Electrical Code 
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Type RIT is merely a small-diameter type R//, the T 
standing for a thinner insulation. This material has ex- 
actly the same limitations, temperature and otherwise, as 
type RH. 

Type RPT is a thin-wall type RP insulated wire and is 
separated in table II from type RP because it is used only 
for rewiring in existing raceways, whereas all the materials 
previously mentioned are for general use. Type RU isa 
rubber-insulated wire of very small diameter on account 
of the thinness of the rubber insulation. It is made by a 
special process and contains 90 per cent pure rubber. It 
has an excellent record to date in the limited applications 
where it has been permitted. The temperature limit on 
this unmilled grainless rubber is 60 degrees centigrade. 
It is limited likewise to the rewiring of existing raceways. 

Type SN is a wire with a so-called synthetic insulation, 
meaning presumably that it is man-made from totally 
different materials. SN wire is limited to 60 degrees centi- 
grade and to use in existing raceways, but is made in larger 
sizes than are the other materials for rewiring. This mate- 
rial differs from the others in several respects. For one 
thing, there is no necessity for an outer fibrous covering, 
because of the toughness of the insulation and the rela- 
tively inert character of the synthetic material which 
does not need protection from the light as rubber insula- 
tion does. It is, however, slightly subject to cold flow 
under pressure and tends to be brittle at temperatures be- 
low freezing. 

The question is frequently raised as to why these special 
wires of small diameter are limited to rewiring use. The 
answer, I believe, lies in the desire of the electrical com- 
mittee of the National Fire Protection Association to pro- 
ceed slowly with the recognition of new products and give 
them an opportunity to prove their worth under limited 
conditions of use before extending recognition for general 
use. I believe there was a desire also to provide some 
leeway for future expansion of facilities in a building hav- 
ing concealed raceways that can be changed only at pro- 
hibitive expense. If the loading of the circuits increases 
later as it has in the past, a little space would remain for 
pulling in additional wires under limited circumstances, if 
all the available space had not been utilized originally. 

Type SNA is a combination of synthetic insulation and 
asbestos. It is a switchboard wiring material of little in- 
terest from a building-wire standpoint. 

Type V is the old familiar varnished-cambric wire that 
has been used for many years. Its new operating tem- 
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Table |. Conductor Insulations—600 Volts 
(1940 National Electrical Code) 


f Maximum 
: i f Outer 

Trade Type Operating ; Thickness 0) ¢ 

Name Letter Temperature Insulation Insulation Covering Use 
J4=1O\ Rss 3/¢4in 
8-2 ow ses saeee ‘/o4 in. Moisture-resistant 
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rubber fibrous covering See section 80568 
Moisture-resistant 
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rubber fibrous covering 
“a Moisture-resistant 
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grade rubber fibrous covering 
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Type RU wire........ RU cree. 60C (140F).... 1 fda Ne sate LAAVOR Renee 18 mils.... 1 fame-restardantf Trejo a el i 
(See note) grainless rubber i fibrous covering SOs Aum 
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H A Unless lead 
Varnished cambric..... Vie stalersislessies 85C (185F)......Varnished cambric..... oe as Type R except } ER covering } <% Ree thedie nailer 
Sisiachatateterececsre eter Gh AEN: or lead sheath than No. 6 by 
special permission 
Asbestos Impregnated Reniit ae Generaluce 
ecaerey ee AVA RSS 110C (230F)..... 1 cece pi eettable User ant acar Asbestos braid... See oe 
cambric varnished cambric 
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varnished }......... AV IB Meat on 90C (194F)......Same as Type AVA...... Séertableaniducee eae fleraccte eo ee eee use 
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varnished }......... ANG ee eievehe 110C (230F)......Same as Type AVA...... See tables 24 ccc seincaers Lead' sheath. oi. ««..s,s f Goncres use 
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perature of 85 degrees centigrade is a recognition of ad- 
vancement in the type of varnish used, since the previous 
maximum was 75 degrees centigrade. 

Types AVA, AVB, and AVL are combinations of as- 
bestos and varnished cambric, with an asbestos outer 
braid and a temperature limit of 110 degrees centigrade 


for the first, a cotton outer braid and a limitation of 90 de- 
grees centigrade on account of this cotton for the second, 
and a leaded jacket for use in wet locations for the AVL. 
Types A and AI are asbestos-insulated wires having a 
heat-resistant impregnation in one case and a moisture- 
resistant impregnation in the other and temperature 
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wees he degrees centigrade respectively, in 
i eas ‘ie i erence in these impregnating mate- 

IS. st effort of the asbestos-wire manu- 
facturers to differentiate among their materials in the 
National Electrical Code. Heretofore type A has covered 
a multitude of types. It still covers several general types 
which should and probably will have individual designa- 
tions. 

Types SB, SBW, and WP are specialty wires for limited 
use. Probably plant engineers are likely to be interested 
in these wires only where they are run on insulators, a 
practice still common in mill buildings in some sections 
of the United States. 

A paper-insulated cable also is recognized, but has very 
limited application under the Code, being primarily an 
underground-duct type of cable for use by electric utilities. 

Three features of the changed wiring tables in the 1940 
Code are of particular interest, in my estimation. One is 
the setting of a definite room temperature of 30 degrees 
centigrade, 86 degrees Fahrenheit, as a basis of calculation. 
Another is the difference in current-carrying capacities of 
the different types of insulation. The third is the recog- 
nition of a small-diameter wire and correspondingly the 
permission to use this small-diameter wire to advantage 
by having it fill a greater percentage of the conduit area. 

In previous editions of the Code, the temperature limit 
of 49 degrees centigrade for rubber-covered wires and 
cables was an ambient air temperature without reference 
to the basic room temperature. This frequently caused 
confusion. The adoption of an average temperature of 
30 degrees centigrade for the basic room temperature 
therefore represents definite progress and serves as a guide 
to installation inspection authorities throughout the 
United States. It is well known that this temperature 
will be exceeded in many localities for periods of several 
hours, but in only a few will a 24-hour average be in ex- 
cess of 30 degrees centigrade. In those localities the higher 
temperature must be taken into consideration and the 
current-carrying capacity of the wires reduced accordingly. 
In special locations also, such as boiler rooms, where the 
temperature is consistently above 30 degrees centigrade, a 
correction factor must be applied. 

Some inspection authorities, even in the North, are con- 
cerned about the temperature in attics, because it is above 
the assumed basis of 30 degrees centigrade. When it is 
considered, however, that the high temperatures in attics 
are for relatively few hours’ duration, and only during the 
summer months, and that the highest temperatures sel- 
dom coincide with the heaviest demand for power, it is 
my belief that little concern need be felt about such loca- 
tions. A similar situation exists in factories and should 
be treated in a similar manner. In every consideration 
of rubber-covered wire, it must be realized that a consider- 
able factor of safety is built into the wires and high tem- 
peratures can be withstood for appreciable periods of time 
without serious injury, even though every such exposure 
tends to hasten the deterioration of the rubber. Even 
with considerable depreciation of the rubber, the insula- 
tion retains its dielectric strength unless the wire is moved 
to an extent that causes cracking of the rubber. 
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Table Il. Allowable Current-Carrying Capacities of Con- 
ductors in Amperes 


For Not More Than Three Conductors in Raceway or Cable Based’ 
on Room Temperature of 30 Degrees Centigrade or 86 Degrees 
Fahrenheit 
(1940 National Electrical Code) 


eS 


' Paper 

Synthetic 

Srnnaee Type SNA 

N 

ype § Asbestos 

Type RU Var-Cam 
f Rubber Rubber Rubber Type Asbestos Impreg- 
Size Type Type Type AVS Var-Cam nated 

AWGor RW RPT RHT Var-Cam Type Asbestos Asbestos 


MCM Type R Type RP Type RH Type V AVA 


Type AI Type A 


100 
120 
ya ge ep ee RS nn COOOL On ant ih Orne one Ac ober son ogon cde 0.63 
Nore: If the raceway contains from four to six conductors, the values in the 


table are reduced to 80 per cent. If the raceway contains from seven to nine 
conductors, the values in the table are reduced to 70 per cent. 


The changes in current-carrying capacities of conductors 
as indicated in table II (table I of the Code) have caused 
some misunderstanding and no little criticism. Never- 
theless these changes were necessary if the Code is to be 
kept in line with the engineering information available, as 
of course it must be. 

In January 1938, S. J. Rosch, of the Anaconda Wire 
and Cable Company, in a paper delivered before the 
AIEE winter convention [AIEE Trans., ’38 (March), p. 
155-67] gave the basis for the current-carrying-capacity 
tables that now have been incorporated in the Code in 
modified form. The comparison in table IIT of the 1937 
Code and the 1940 Code shows how extensive these changes 
in current-carrying capacity have been. In the larger 
sizes the changes would be alarming if it were not that 
practice over a period of years has tended toward lower 
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Typical examples of increased circuit capacity made possible 
by rewiring with the small-diameter building wire 


A\l computations based on two-wire 115-volt circuits 


values than those theoretically permissible according to 
the Code. This means that engineers doing layout work 
were aware that if cables were loaded to the full capacity 
permitted by the Code, overheating and unsatisfactory 
operation generally would result. The changes, there- 
fore, are more theoretical than actual where a good engi- 
neering job was done, but will require more changes in 
those installations where the job was done by rule of 
thumb and where voltage drop was not the dominant 
factor, as in most instances it is and should be. 

The problem of voltage drop is not covered in detail in 
the Code, although mention is made of the fact that the 
tables are based on temperature alone and do not take 
voltage drop into consideration. Nevertheless, if the 
minimum sizes of wire given in the Code are used, the 
voltage drop is so great that I believe this factor actually 
more important than the temperature of the wires under 
full load in determining the size of wire that should be used. 

In section 2202 of the Code the statement is made that 
the size of feeders should be such that the voltage drop up 
to the final distribution point for the load will be not more 
than one per cent for lighting loads or combined lighting 
and power loads and three per cent for power loads. In 
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view of that statement, tables V and VI were prepared to 
show the allowable circuit length for different sizes of wire 
and conduit where a maximum of one per cent drop is con- 
templated. The circuit lengths are exceedingly small. 
While theoretically greater values of current could be 
utilized by using rubbers permitting higher temperatures, 
practically, a larger size of wire has to be used on account 
of voltage drop regardless of the type of rubber. There- 
fore, for small sizes of wire, the highest temperature insu- 
lation and the different current values based on it will 
have little significance. High-temperature rubber does, 
however, give a greater range to rubber-covered wire and 
permits its use in locations where, for reasons of tempera- 
ture alone, another and in some respects less suitable type 
of wire has had to be substituted in the past. 

In the larger sizes, the change in permissible current is 
much more significant because voltage drop is not so im- 
portant a factor. Comparison of the current-carrying 
capacities in the 1937 and the 1940 Codes as given in 
table III shows that the current-carrying capacity of 
Code-grade wire has been reduced radically. The 1937 
current-carrying capacities for type R compare favorably 
with the 1940 current-carrying capacities for heat-resistant 
grade of insulation (RH). This probably will result in 
the use of the higher grades of insulation for the larger 
cables. As pointed out, rubber-covered wire in the larger 
sizes has not been used to any great extent to carry the 
full-load current for which it formerly was rated, so the 
change will mean that the values now given in the Code 
actually can be followed because they are scientifically 
based. 

There has been a great deal of discussion on this phase 
of the change in the current-carrying capacity tables, par- 
ticularly from those who have installed cables for others 


Table Ill. Comparison of Current-Carrying Capacities of the 


1937 Code and the 1940 Code 


Current-Carrying Capacities in Amperes; Conductors in Raceways 
(1940 National Electrical Code) 


Size Type R Type R Type RH 

AWG or MCM 1937 Code 1940 Code 1940 Code 
1 A AL LS cme tase 15 A er 
12 20 2D eee. eee al 
TOL tere 2D eae PAT Reishee iate rae 37 
8 35. ee ee ee, ee 49 
6. 50 KoyO)) SAE hy area 65 
4 70 Re 0 a en i ae 86 
2 erie temtee, . 80 115. 
1 100 5 NOD res cornet as See 131 
Oras aa P UD cs erento LOS CR eee 151 
OO. . . ra i3 LBD Seon Sanaa lp 1 rae mis ge 173 
000 te re at Wit) rite ser LaO rte eetr rea Loo 
0,000. . : eS Deere 5 y5eSnt ne LOO ae. Gen ee aD 
BOO ora Riste acre OO ; ee Ree it Goes ery eee RS as: 
300. 7H SY en 98: Favesh ae ee Oe 285 
350. UO a eee PSG pce: eee 311 
400 9253 ose ae eee 2335s ee ee es 336 
BOOK. steuawocte staleocteue SOO, See A ier hand OO heey MRL ita 382 
GOD): cena terete 450 ape ee SA, ad 9 a Mien ag 422 
O00) Pycnre oeine 500 cages eine ae) O20 eerste es 461 
C00), Ae eee OPO etn oet hoe ens 330) ete oe eet 475 
800 sae 550. etree rayal-anetaied SUS 6. mt eae 490 
S00). peer G00) Sivas See a S00 See <a eee 519 
1 000 Mee cares GOO. tere sneer Tie ee 543 
be 13\ er a SONS AOR CBO scheccnerrerecaey tee 400 Fae cee eee DSO. 
L500 |. ¢ pear tea 850)". pean ee ROA Hae Bee Se cate 625 
Ri rsoats cko ots Oat 950)55);;. SeRnee ee A) Oe ora SR ete A 650 
2000 a eeere eres 1 050).cr>-.. seen GS 218 a 666 


Brandon—New Building Wires 


ELECTRICAL ENGINEERING 


* 


Table IV. Per Cent Area ‘of Conduit or Tubing 
(1940 National Electrical Code) 
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rather than for their own use. For plant engineers mak- 
ing installations for their own use, the change is highly 
desirable and results in bringing the provisions of the Na- 
tional Electrical Code into conformity with the latest en- 
gineering information. 

The other significant change in the recognition of wires 
is the small-diameter building wire. This was sponsored 
by the electrical utility companies, which frequently were 
confronted with the difficult situation of a building wired 
with concealed conduit, the conduit filled to capacity on 
the basis of the old Code, and a greater number of circuits 
desired by the tenant or building owner. To pull out the 
old conduit and install new would be exceedingly expen- 
sive. They therefore have desired to use smaller-diame- 
ter wires having a higher grade of insulation that would 
give suitable performance despite the thinner insulation. 

The Code therefore recognized small diameter wires in 
higher grades of insulation, such as the performance grade 
RP, the heat-resistant grade RH, the 90 per cent unmilled 
grainless rubber RU, and the synthetic insulation SN. 


Table V. Circuit Length of Type R Wire in Feet to Give 
One Per Cent Drop 


115-Volt Star, Source of Voltage Supply; Single-Cable Conductors, 
One-Phase Basis; Unity Power Factor 
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*Maximum three conductors in raceway. 
Pot'three’per cent voltage drop, multiply circuit length by three. 
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In conjunction with this recognition, the percentage area 
of conduit-fill also was increased, permitting a greater 
number of wires for a given size of conduit and to some 
extent making possible the increased number of circuits 
desired. Here again the voltage drop plays a decisive 
part. Tables V and VI indicate that if the circuits were 
loaded to capacity, the length of cable that could be used 
without exceeding the one per cent drop recommended by 
the Code for lighting circuits would be so small as to be 
impracticable. 

Probably the real situation is that a large number of cir- 
cuits loaded only partially to capacity are desired, and 
therefore the-smaller diameter wires are an asset primarily 


Table VI. Circuit Length of Type RH Wire in Feet to Give 
One Per Cent Drop 


115Volt Star, Source of Voltage Supply; Single-Cable Conductors; 
One-Phase Basis; Unity Power Factor 
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*Maximum three conductors in raceway. 


For three per cent voltage drop, multiply circuit length by three. 


because of their physical dimensions, and not on account of 
their higher current-carrying capacity. The higher cur- 
rent-carrying capacity is, in this particular case, a by- 
product of the higher grade of insulation necessary to per- 
mit the use of a smaller amount of insulation. 

Only in those places where a very short run of cable will 
be suitable can the full current values permitted for the 
higher grades of insulation be utilized without having ex- 
cessive voltage drop. 

The significance of the foregoing to plant engineers, is 
that rubber-covered wires now have a wider range with re- 
spect to temperature than those previously recognized in 
the Code. For some specific applications a larger number 
of wires can be run into old conduits and a much greater 
number of circuits obtained, although, on account of 
definite limitations in voltage drop, the full value of cur- 
rent theoretically permitted by the tables cannot be 


utilized. 
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Another way of looking at this is that with a number of 
small branch circuits loaded to capacity, where the volt- 
age drop is now a serious factor, more copper can be placed 
in the same conduit under the rewiring rules and the same 
load carried with a much lower voltage drop. This is a 
significant feature which promises more than the idea 
that a much greater wattage can be obtained in a given 
installation. ‘To illustrate this, the diagrams on page 214 
show the theoretical wattage that some representative con- 
duits can carry, and the circuit length of wire (half the 
total length for two-wire circuits) that could be utilized 
under those conditions. As this length is exceedingly 
short, the practical advantage certainly seems to be that 


of carrying the same size: of load as at present, but with 
less drop, by the introduction of a small diameter wire. 

In the larger sizes of cable, where the temperature has 
been the limiting factor, the situation is considerably im- 
proved. Cables are now available that can be utilized 
for carrying the full rated load as indicated in the tables 
and correction factors for numbers of wires, without re- 
quiring a layout engineer to make additional reductions 
based on unfavorable experience with the deterioration of 
the insulation. 

It is hoped that these new wires will help all of us enjoy 
to the fullest the advantages that the increased use of elec- 
tricity permits. 


Voltage-Operated Earth-Leakage Protection 


HE PAPER “‘Voltage-Operated Earth-Leakage Protec- 

tion” by T. C. Gilbert, deals with the problem of protec- 
tion of low-voltage distribution systems from the stand- 
point of practical experience rather than from a purely 
theoretical basis, particularly for secondary systems on 
customers’ premises. The author discusses the protec- 
tion of secondary systems quite thoroughly and sets up 
the relative importance of the various factors in the prob- 
lem, such as fire risk, shock hazard, cost of the installa- 
tion, etc., but with greatest emphasis on the fire risk, since 
in rural areas this presents the greatest menace. 

The limitations of multiple neutral grounding are pre- 
sented, together with what the author believes to be the 
only really practical alternate, that of using voltages of 
the neutral to ground as an indication of an abnormal 
operating condition, and applying this voltage to a trip 
coil to disconnect the service by automatically tripping the 
customer’s circuit breaker. Diagrams and pictures of the 
devices are included. The author refers to English, Ger- 
man, and Swiss practices and quotes excerpts from publi- 
cations of various governments and others to support his 
views. 

The widespread development of rural electrification 
has focussed considerable attention on the matter of ade- 
quate protection of customers’ services. The hazards ac- 
companying rural installations are particularly pronounced 
because of difficulty in maintaining proper standards of 
installation, the lack of central water supply systems, the 
difficulty in effectively fighting fires, and the large number 
of buildings with inflammable contents on the premises of 
rural customers. 

One fundamental difference which must be considered 
in comparing British and European practice with that in 
the United States is the lower service voltages commonly 
in use here. The foreign practice is to employ 220/380 
volts three-phase system, giving single-phase voltages to 
Abstract of a paper of the same title, prepared for the Institution of Electrical 
Engineers of Great Britain by T. C. Gilbert and abstracted by Frederick Von 


Voigtlander (A’29, M’38) electrical engineering department, Commonwealth 
and Southern Corporation, Jackson, Mich. 
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Earth-Leakage Protection 


ground of 220 volts, or double that which would usually 
be experienced in installations in the United States. 

For many years experience in England and elsewhere 
has tended to establish the use of conduit continuously 
bonded and grounded throughout as the safest form of 
construction. In the light of experiences cited by the 
author, considerable doubt is expressed as to the ade- 
quacy of installations of this type, even though it would 
appear to be about the ultimate in freedom from hazards 
of all types. Multigrounding the primary as well as the 
customer’s secondary (called “protective multiple earth- 
ing’, by the author) has been considered as giving the 
maximum protection against dangerous voltage rise when 
the secondary conductors are enclosed entirely in metallic 
conduit. 

The use of multiple grounds was primarily developed 
for the protection against personal shock hazard, and while 
this may have been accomplished to a considerable extent 
by overcoming the difficulties of obtaining low resistance to 
ground at isolated locations, the problem of fire hazard 
appears to have been considerably aggravated. The 
problem of fire hazard is further complicated by increasing 
loads on customers’ services, resulting in the use of large 
fuses, thereby nullifying protection against ground faults. 
Even if careful tests and inspections are made on the origi- 
nal installation, experience has shown that the resistances 
of metallic structures such as conduits and water pipes do 
not stay constant but rise over a period of years. This 
has been found to be the case even in the use of many 
gauge threaded joint conduits. 

The particular function of multigrounding then is to 
provide an over-all low resistance to ground through all 
available ground connections in parallel. Line-to-ground 
faults may then result in sufficient current to operate pro- 
tection and to restrict the voltage rise of neutral conduc- 
tors above ground to safe limits. Theoretically, this type 
of construction should produce the desired results, but 
because of breaks in the neutral conductors or higher re- 
sistances in the neutral circuit, the earth-return path may 
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become one of considerable resistance, particularly in rural 
areas where detection and maintenance are difficult. 
Even if the earth-return circuits were of low resistance, ex- 
perience has shown that nonelectrical metallic circuits may 
carry considerable current, as cited in the report of the 
American Water Works Association, and as a result there 
is the possibility of hot spots developing and the possi- 
bility of sufficient current flowing in accidental contacts 
between gas pipe and conduit, or other metallic structures 


_ carrying electricity, to result in damage to such structures 


either by electrolysis or by fusion at the point of contact. 
It therefore follows that multigrounded secondary in- 
stallations do not accomplish the purpose for which they 


_ were developed. The author proposes, as a possible solu- 


tion to the problem, the use of a device operated on the 
difference of potential between the neutral conductor and 
an auxiliary ground to trip the customer’s service breaker 
whenever such a potential exceeds a predetermined mini- 
mum. The neutral potential is measured to an auxiliary 
ground which can have quite high resistance, as only from 
60 to 80 milliamperes are required to operate the neutral 
voltage relay. If 65 volts between neutral and ground 
were considered the maximum allowable, the circuit could 
contain a total impedance of close to 1,000 ohms. With 
the resistance and reactance of the relay coil itself each 
equal to, say, 200 ohms, the system would operate satisfac- 
torily for an external grounding resistance of the order of 


700 ohms. This would provide adequate protection by the 
use of ordinary driven grounds of the simplest sort. The 
author cites experiences, particularly in Germany, where 
such installations have been carried out on a large scale 
which over a period of 16 years have been found to be very 
satisfactory. 

A further development of this device includes its appli- 
cation to switches controlling heavy appliance outlets to 
which customers connnected portable tools, farm ma- 
chinery, etc. Such switches were equipped with the auto- 
matic earth-leakage trip devices each having its own volt- 
age trip circuit connected to ground through individual 
ground rods at the devices. 

Such switches, in combination with overcurrent protec- 
tion, could also be installed on outlets serving water heat- 
ers, electric stoves, washing machines, and similar appli- 
ances having large metal areas exposed to physical con- 
tact, thereby greatly reducing the hazard of personal in- 
jury and shock in their use. 

The use of neutral voltage operated devices of this type 
to automatically de-energized customers’ services for 
ground fault enhances the advantage of nonmetallic con- 
duit and nonmetallic sheathed wires which, in the author’s 
opinion, from the standpoint of cost, shock hazards, fire 
hazards, and maintenance, are in every way superior to 
the use of multiple grounded neutrals and rigid metallic 
conduit installations. 


Library Versus Laboratory Research 


EARING the word ‘research’, the layman pictures 

a serious-faced individual in a laboratory, surrounded 
by mysterious apparatus. Popular conception has a labo- 
ratory the essential background, even though that is not 
the most important or most fertile field for research in 
many branches of science today. 

Science has another setting for research—the library. 
When scientific literature was lacking or very meager, re- 
search necessarily meant laboratory investigation above 
all else. Today, scientific literature has attained tremen- 
dous proportions, and increases much faster than it is di- 
gested and efficiently utilized. For that reason it should 
prove advantageous for the present-day research worker 
to spend much more time in the library, and correspond- 
ingly less in the laboratory, than is the general custom. 

Library research would overcome two serious errors 
often made by scientists, duplication of work described 
completely and failure to appreciate inventions described 
almost verbatim in the literature. 

Annual reports of the Secretary of Commerce over a 
period of years indicate that about 30 per cent, more than 
15,000 each year, of the patent applications filed are aban- 
doned. The predominant reason for abandonment is that 
the subject matter disclosed in the application has already 
been described in published literature. Without question, 


Abstracted from ‘‘Library Versus Laboratory Research’, by Arthur Connolly, 
Industrial and Engineering Chemistry,’’ October 25, 1940. 
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the annual bill to industry for abandoned applications 
amounts to several million dollars. Practically every 
dollar might have been devoted to pioneer research to ex- 
tend frontiers of our knowledge at a faster and more profit- 
able rate than is now the case. Time would have been 
saved for all concerned had the literature been thoroughly 
investigated in the beginning. 

Many a scientist is too busy accumulating data to take 
time for a complete and analytical evaluation of either his 
own or published data of others. As a result scientific 
literature increases at an amazing rate and many impor- 
tant inventions are submerged in it. Some of the most 
important inventions of this era were discovered years 
after they had been described almost in their entirety in 
the scientific literature. The last step only was missing, and 
it took years for the scientist to supply it from the laboratory. 

With proper balance and co-operation between the labo- 
ratory and the library scientists, millions of dollars wasted 
annually in repeating old investigations will be saved. 
The stream of data continually increasing the volume of 
scientific literature will be carefully searched, correlated 
and efficiently utilized. Important inventions will be 
speedily skimmed from the literature instead of reposing 
unknown and unused. Our industrial research will then 
attain a new efficiency peak and frontiers of knowledge 
will expand more rapidly than ever before, to the advan- 
tage of scientists, industry, and civilization. 
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Applications of Electric Power in Aircraft 


PPLICATIONS for elec- 
tric power im modern 
craft are many. In 
nearly every case these appli- 
cations represent special prob- 
lems m which the electrical 
imdustry as a whole has taken 
extraordmarily little imterest. 
As a result, the aviation im- 
dustry has been forced to ob- 
tain electrical equipment from 
manufacturers of special equip- 
ment, who are not necessarily 
the best designers of electrical 
apparatus. Asa result many 
other types of accessory power 
have been used for duties 
which electric power could 
quite easily perfonn. 

In its simplest form an air- 
plane consists of a fuselage 
with supporting wing sur- 
faces, a power plant for propul- 
sion, and landing gear for 
operation on the ground. Any 
item of equipment which is 
in addition to the basic air- 
plane and which is not essen- 
tial to flight can be classified 
as an “accessory”. The pur- 
pose of these accessories is to 
imcrease the performance of 
the airplane, provide greater 
safety, increase reliability, and 
make the task of operating the 
airplane an easier one. 

These accessories are oper- 
ated by various types of 
power: manual, electric, hy- 
draulic, pneumatic pressure, 
pneumaticsuction, mechanical, 
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As a national defense problem of primary im- 
portance, the needs of the aviation industry offer 
a challenge to the designers and manufacturers of 
electrical equipment. The author lists the fol- 
lowing as some of the important needs already 
recognized, and warns that others may be ex- 
pected to develop. : 

1. Engine-driven generators with greater output 
or decreased weight. 

2. A constant-speed drive that would permit 
the use of alternators with variable-speed prime 
movers. To meet proper future power needs, 
this drive should be designed to transmit 30 
horsepower and should weigh not more than 30 
pounds. 

3. Lighter-weight batteries. Unless these can 
be designed, the aviation industry will be forced 
to discontinue the use of batteries. 

4. An accessory power plant to deliver 7.5 kw, 
with weight of from 70 to 80 pounds, small size, 
and reasonable cost. 

5. Electric motors with the smoothness and ease 
of control which characterize hydraulic equip- 
ment. 

6. Positioning motors that permit accurate re- 
mote control of various devices. Present posi- 
tioning motors are somewhat heavier than is 
desirable. 

7. Radio equipment designed to minimize the 
problems of installing other electric equipment. 
8. Smaller sizes of cable. The development of 
flame-proof cable and of cable that can withstand 
more severe usage also would increase reliability 
of electrical distribution systems. 

9. Electric equipment that duplicates the ac- 
tion and smoothness of the hydraulic jack. 

10. An electrically operated substitute for hy- 
draulic and pneumatic wheel brakes. 

11. Improved circuit-protection devices. 


It will be noted that for the 
first five types of power the 
engine is the prime mover. 
In the case of manual power 
the pilot is the source, and 
the last, which is termed 
‘““combustion’’ means the prod- 
uct of ignited powder. Of 
the accessories listed, light- 
ing, radio, and intercommuni- 
cation equipment can be oper- 
ated only electrically. For this 
reason it is essential that the 
aircraft include a source of 
electric power. All the re- 
maining accessories can be 
operated electrically, and in 
some cases manually as well. 

Some combinations of 
power will be noted. For 
example, de-icing equipment 
is operated by an air pump 
direct-driven (mechanical) by 
the main engine to deliver 
pneumatic pressure to rubber 
boots on the wing-leading 
edge or other surface from 
which ice is to be removed. 
An electric motor also can be 
used in combination with the 
air pump. 

Obviously it will be to the 
advantage of the aviation 
industry to reduce the number 
of types of accessory power 
to a minimum, thus reduc- 
ing the number of power take- 
offs that must be provided on 
the aircraft engine. When 
selecting the type of accessory 
power, certain characteristics 


a combination of these and in some cases the use of gas 
under pressure. It is the purpose of these types of access- 
ory power to transfer energy from one part of the airplane 
toanother. In nearly every case the basic source of energy 
is the aircraft power plant which also drives the propeller. 

Table I lists many of the accessories of the modern air- 
plane and the types of accessory power used to operate 
them. 


Essential substance of a paper presented at the AIEE Middle Eastern District 
meeting, Cincinnati, Ohio, October ¥-11, 1940 and also at the conference on air 
transportation at the AIEE winter convention, Philadelphia, Pa., January 


27-31, 1941 
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must be considered. The system must be reliable, be- 
cause in many cases the completion of the flight mission 
is dependent upon the accessory. Obviously the equip- 
ment must be light in weight, because a reduction in 
weight of the accessory equipment means that more pay- 
load or more fuel can be carried. The saving of one 
pound has an unbelievably high theoretical value in com- 
mercial aviation. The installation should be such that 
maintenance and replacement of items are relatively easy. 
The cost should not be exorbitant, although cost is 
usually subordinated to such requirements as reliability 
and weight. In military aircraft vulnerability is an im- 
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portant consideration. For that reason 
an accessory system should be selected 
which can be duplicated. Additional 
characteristics that are desirable but 
too often sacrificed are available power 
on the ground, ease of control, and 
quick response. 

A comparison of the three most 
commonly used types of power, elec- 
tric, hydraulic, and pneumatic, shows — - 
that the hydraulic system has many 
advantages which amply justify its use 
in aircraft, but also has certain disad- 
vantages, particularly in military air- 
craft, which make the development of 
equivalent electric equipment highly 
important. 

The reliability of the electrical sys- 
tem is rather good, although difficulties 
encountered in service are many and varied. These are 
approximately evenly divided between electrical and me- 
chanical failures. Until 1939 the weight of generators and 
motors could be fairly considered as a disadvantage, but 
under the leadership of a major manufacturer in the 
electrical industry these weights have been reduced aston- 
ishingly. Electric power has many basic advantages in 
efficiency, cost, and avoidance of operating difficulties 
at high altitude and low temperature. It is to be regretted 
that its other characteristics have not kept pace with 
those achieved by competitive types of power. 

Further discussion will be confined to the electrical 
system. The conventional practice in the past has been 
to use generators mounted on and driven by the aircraft 
engines which are operated in parallel with lead-acid 


Figure 1. 


Table |. Methods of Operating Aircraft Accessories 


D-c accessory power plant, 5 kw, 28.5 volts, consisting of a two- 
cylinder internal-combustion engine with a comparatively flat generator 


mounted on the engine crankshaft 


batteries. This d-c system had a normal rating of 12 
volts until 1939. At that time practically all new mili- 
tary and commercial airplanes were designed with a 24- 
volt d-c system. The battery is needed primarily as a 
reservoir of electric energy for starting the aircraft en- 
gines. D-c power is needed because aircraft engines are 
variable-speed prime movers. To operate the generators 
in parallel a voltage-regulated d-c system is necessary. 
Engine speed varies from a maximum at take-off, which 
is approximately 120 per cent of rated speed, to an 
operating speed of approximately 60 per cent during cruis- 
ing at maximum fuel economy. This means that the 
generators must operate satisfactorily throughout a 2-to-1 
speed range. 


GENERATORS 


The space allowed for installation of generators on the 
aircraft engine is limited. In no case can the diameter 
of the generator exceed six inches, since other accessories 
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Table Il. Current-Time Performance of Batteries 


Time in Minutes to 
Reach End Voltage 


Current 22 Volts 18 Volts 
24-Volt 70-Ampere-Hour Battery, Weight 140 Pounds 
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represented a reduction in specific weight per kilowatt to 
almost half that previously used. Further development 
in generators during the current year has resulted in the 
production of a 100-ampere 30-volt machine (3 kw) 
weighing only 32 pounds. There is now under develop- 
ment a 200-ampere machine which utilizes additional 
forced cooling from the slipstream and which will weigh 
only 37 pounds. This generator represents a specific 
weight of approximately 6 pounds per kilowatt compared 
with the 44 pounds per kilowatt previously used. The 
efficiency of these machines is approximately 75 per cent. 
They are designed for a minimum speed of 2,500 rpm and 
must provide accurate voltage regulation to 4,500 rpm. 
With the expectation that still greater amounts of electric 
power will be needed within the next five years, engine 
design is now being revised to provide a higher generator- 
drive speed. 


BATTERIES VERSUS ACCESSORY POWER PLANTS 


Batteries are used primarily as a reservoir of electric 
energy for starting the main engines. The characteris- 
tics of batteries which are normally used in aircraft are 
shown in table IT. Consideration of the currents shown 
in the table clearly indicates that batteries can hardly 
be considered as a source of assisting power to high-output 
generators. A battery weighing 140 pounds will deliver 
200 amperes at 18 volts or more for only 11 minutes. A 
generator weighing only one-fourth this amount will 
deliver 200 amperes continuously and 300 amperes for 5 
minutes at 28 volts instead of 18 volts. 

Another characteristic of batteries which prejudices 
against their use is the increase in weight with increase 
in voltage. A 34-ampere-hour 12-volt battery which has 
been in use for the past ten years weighs approximately 
388 pounds. When the system voltage was doubled it 
was found that a 24-volt 17-ampere-hour battery, which 
has the same watt-hour capacity, weighed 56 pounds. 
This increase in battery weight more than offset other 
gains which were made with the increase in voltage. 

Consequently, it may be necessary to use small engine- 
driven generators commonly described as accessory power 
plants instead of batteries, in starting the main aircraft 
engines. Experimental units of this type have been 
developed which provide 5 kw continuously and 7.5 kw 
intermittently in a weight of 140 pounds, which is prac- 
tically the same as that of a 24-volt 70-ampere-hour 
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battery. The latter will deliver 200 amperes at 18 volts 
for 11 minutes. The accessory power plant will deliver 
175 amperes continuously and 275 amperes for 5 minutes 
at 28 volts. 

Accessory power plants have been developed by the 
Army Air Corps, the Navy Bureau of Aeronautics, and to 
a limited extent by commercial aviation interests, with 
the idea that small engine-generator units could be in- 
stalled in. duplicate in larger airplanes and used as the 
primary source of electric power, thus making available 
higher power, higher voltage, and alternating current. 
The small gasoline engine also could provide power on the 
ground eliminating batteries. In addition, if electric 
power were used to distribute energy throughout the air- 
plane, many accessories could be removed from the main 
engine, simplifying its installation and maintenance. 

The Air Corps procured an engine which was rated 
30 horsepower at sea level and 12 horsepower at 20,000 
feet. The complete installation of two engine alternator 
units to deliver approximately 13 kw of power weighed 
640 pounds. Each engine alone weighed 240 pounds. 
Subsequent development and procurement have proved 
that it is entirely possible to provide an equivalent engine 
with less than 40 per cent of this weight. Difficulties. 
encountered with the first installation were numerous. 
The flexible coupling installed between the small high- 
speed engine and the alternator gave trouble because the 
angular acceleration which resulted from a comparatively 
small number of cylinders imposed high stresses on these 
parts. The use of high-frequency alternating current 
encouraged the development of electric motors operating 
at a synchronous speed of 24,000 rpm, and this high 
operating speed caused many failures, all due to failure 
of lubricants. Most of these troubles have been solved, 
although the first system cannot be relied upon for con- 
tinuous use for more than 150 hours without maintenance. 

Development of similar d-c accessory power plants has 


Figure 2. D-c motor, 24 volts, 0.4 horsepower, 2,500 rpm 
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Figure 3. Motor-driven centrifugal fuel pump 


The eight-pole three-phase 400-cycle 110-volt motor has a rating of 1.5 
horsepower at 5,700 rpm 


resulted in a 5 kw, 28.5-volt unit weighing 140 pounds, 
which occupies a space 22 inches long, 20 inches wide, 
and 14 inches high. This power plant is internally super- 
charged, so that it delivers 80 per cent of its normal rating 
at 20,000 feet altitude and 150 per cent at sea level. How- 
ever, operating altitudes now are far above 20,000 feet. 
In so far as application in military airplanes is concerned, 
increase in operating altitude in the past three years 
make it impracticable to consider accessory power plants 
as the primary source of power. Operating altitudes have 
increased to 35,000 and 40,000 feet with the use of super- 
charged cabins for personnel. At such altitudes a super- 
charger adequate to maintain the necessary electric out- 
put from the accessory power plant will be nearly as 
large as the small engine itself. 

The parallel development in engine-driven generators 
has made it possible to obtain 6 kw from a machine weigh- 
ing only 37 pounds. A separate engine-driven accessory 
power plant to deliver the same rating at these altitudes 
would weigh nearly 200 pounds. The choice is obvious. 
Vulnerability also affects this selection. In a four- 
engine airplane, four small d-c generators on the main 
engines would be a much smaller target than would the 
equivalent accessory power plants. Four generators 
would be provided, while it is doubtful if there would be 
space for more than two accessory power plants, each of 
which must necessarily have twice the rating of the units 
driven by the main engines. Loss of one of four generators 
would be far less important than the loss of one of two ac- 
cessory power plants. 


APPLICATIONS OF ALTERNATING CURRENT 


The use of a-c power, developed with the accessory 
power plants described, proved to have many advantages. 
For example, a-c power made it possible to provide re- 
mote indicating instruments which greatly simplified the 
transfer of an indication of engine operating conditions 
to the pilot’s instrument board. With previously used 
instruments, mechanical tachometer shafts, oil-pressure and 
fuel-pressure lines had to be conducted from the engine 
compartment to the pilot’s board. These lines were vul- 
nerable points in the engine control system. 
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In addition, the development of fluorescent lighting for 
instruments was assisted by the availability of a-c power. 
Improper lighting of instruments causes glare in the pilot’s 
eyes and impairment of vision when it is needed most. 
The development of instrument lighting progressed from 
so-called direct lighting to masked indirect lighting and 
finally to incorporation of a small surgical lamp in each 
instrument. This last method was the most satisfactory, 
but was very expensive, since a lamp costing approxi- 
mately $1 must be installed in each instrument, and wiring 
conducted thereto. Fluorescent lighting uses ultraviolet 
radiation to cause radium paint or special paint to fluo- 
resce. This provides ideal lighting, since the numerals on 
the instrument dial become the source of light and there is 
no glare. 

A-c applications for the operation of radio equipment 
and gyroscopic instruments are now under development. 
The latter have been operated in the past by means of 
pneumatic suction. Use of high-frequency a-c power 
will make it possible to drive the rotor of these instru- 
ments as an induction motor. 

These applications for a-c power, which were discovered 
in experimental development of accessory power plants 
with a-c systems, are of equal advantage in airplanes 
whose primary source of electric power is direct current. 
To provide a-c power in these airplanes various types of 
inverters have been developed. For the remote indicating 
instruments inverters were originally designed for 32 
volts and 60 cycles. It was found possible to reduce the 
weight of this equipment considerably by operating the 
instruments at 120 cycles with a corresponding increase 
in voltage. The vibrating-switch type of inverter has 
proved successful for this application. It was necessary 
to provide adequate filtering to prevent radio interference 
and to redesign the electric circuit to insure the needed 
reliability. This type also has proved an excellent source 
of power for fluorescent lighting. For gyroscopic in- 
struments, however, a higher frequency was needed. For 
reasons to be discussed later 400-cycle power is advan- 
tageous. The highest practical value thus far produced 
for vibrating-switch type inverters is 200 cycles. or this 
reason it appears that 400-cycle inverters must be rotating 
machines, which are being developed in ratings from 100 
to 1,500 volt-amperes with efficiencies of approximately 
75 per cent and weights from 8 to 20 pounds. 


MOTORS 


The principal items of equipment to receive power are 
electric motors of various types. Motors have been used 
for operation of such accessories as landing gear, flaps, 
pump units, valve mechanisms, etc. Their use as a con- 
tinuously operating drive has come only in the last two 
years. The mechanical drives, such as landing gear and 
flaps, are intermittent-duty applications. Most of the 
pump drives are continuous-duty applications, although in 
such instances as propeller-feathering pumps the duty is 
In the operation of de-icing equipment, 
Opera- 


intermittent. 
electric motor drives have the greatest advantage. 
tion of the de-icing air pumps from a mechanical drive on 
the main engine means that they will be operated con- 
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Figure 4. Control panel, 8 inches long, consisting of a 
voltage regulator and reverse current relay, for 50-ampere 
15-volt engine-driven generator 


tinuously although flight in de-icing conditions occurs 
during a very small portion of the time. When the pump 
is driven by an electric motor, it is used only when those 
conditions are encountered. 

Electric motors for operation of fuel pumps are being 
developed at the present time and show much promise. 
For this application it is necessary to provide a motor of 
explosion-proof construction. In most cases these motors 
have been constructed to requirements of the Under- 
writers’ Laboratories, but these have proved unneces- 
sarily severe for aircraft duty. They are based on indus- 
trial practice and are intended for use with motors having 
a relatively large internal volume. For aircraft a motor 
necessarily must be as small and light as practicable. 
The imposition of bearing-length and flange-construction 
requirements necessary for industrial motors on aircraft 
motors which have a volume of only 1/100 of the equivalent 
industrial motor is unnecessarily severe. Research is 
being undertaken to determine more reasonable design 
characteristics so that explosion-proof construction will 
not make the weight and size of the motor prohibitive. 

Some work has been done in recent years on the de- 
velopment of a motor which will transfer accurately a 
desired position of a driven device. Remote indicating 
instruments are representative of this type, but their char- 
acteristics are such that no usable torque other than 
movement of a needle can be transferred. A positioning 
motor is one that will deliver any desired amount of torque 
and position accurately a device at a remote location by 
the operation of some transmitting device at the pilot's 
cockpit. The simplest type of equipment for this purpose 
consists of a potentiometer at the pilot’s control board and 
a motor at the driven device with a corresponding po- 
tentiometer. Setting the control potentiometer auto- 
matically causes the motor to start and drive the de- 
vice and the second potentiometer in the proper direction 
again to neutralize the control voltage. This type of 
equipment has many applications, the largest of which 
is the landing flaps. With such a motor the pilot need 
only set a potentiometer at the position corresponding to 
the desired setting of the flaps, for example, 40 degrees, and 
the motor will start and drive the flaps to this position 
without further attention by the pilot. 

Many types of motors are needed for aircraft. The 
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landing gear and flap motors described are primarily 
torque motors designed for intermittent duty. For this 
application the series-wound motor has proved best. 
For continuous-duty applications with pumps, where 
speed regulation is an important characteristic, the shunt- 
wound motor is superior. Explosion-proof construction 
is required for motors used with fuel pumps and propeller 
anti-icing fluid pumps. In most cases the series-wound 
motors used with intermittent-duty applications must be 
designed for reversing. In the past this has been ac- 
complished by use of two series fields. However, present 
indications are that the use of a double-pole, double- 
throw relay with a single-field motor will provide some 
saving in weight in the motor and considerable saving in 
weight of the wiring. 

Curves showing the weights and efficiency of d-c motors 
to conform to Air Corps specifications are shown by figures 
5 and 6. Similar curves for a-c motors are shown by 
figures 7 and 8. As motors have been procured which 
exceed the performance and weights required by these 
curves, they are believed to be quite conservative. Points 
which represent such motors are plotted on these figures 
and connected to the corresponding point which repre- 
sents Air Corps requirements. An interesting point 
with regard to the operating speed of a-c motors can be 
noted from figure 3. A motor operating at 24,000 rpm 
and designed for only intermittent duty weighs only 
one-half as much as a motor designed for continuous duty 
at a synchronous speed of 4,000 rpm. Therefore, the 
increase in speed of 6 to 1 has resulted in a saving of weight 
of less than 2 to 1. For this reason, further applications 
of a-c motors will discourage the use of excessive speeds 
with their problems of lubrication and life. It is entirely 
practicable to construct an a-c motor for continuous duty 
at 12,000 rpm, which will have an operating life of 1,000 
hours. At the present time it is considered to be imprac- 
ticable to accomplish the same result at 24,000 rpm. 


DISTRIBUTION SYSTEM 


Problems involved in the electrical distribution system 
can cause excessive costs, production delays, and unreliable 
performance, unless they are carefully controlled. The 
cable normally used in Army aircraft wiring for distribu- 
tion of electric power requires two layers of varnished 
cambric, oppositely wound, covered with varnish-im- 
pregnated fabric. The weight and size of this cable are 


shown by table III. The gauge size is AWG. The 
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weight per foot of the cable is tabulated, as is the current 
rating normally permitted. 

The size of cable used for an individual circuit depends 
upon the length of that circuit. Normally, continuous- 
duty loads are required to have a voltage drop of less than 
three per cent. The maximum current permitted in a 
given size of conductor is that tabulated in table III. 
These currents may be doubled if the duty is intermittent. 
The insulation required on this cable is adequate for any 
voltage heretofore used in aircraft for power, and is re- 
quired more for mechanical protection than for its insula- 
tion properties. For this reason the same cable has been 
used in 12-, 24-, and 110-volt electrical systems. The 
minimum size of cable is determined by its mechanical 
strength. For many years a size smaller than number 18 
was not permitted, because pulling cable through conduit 
broke smaller sizes. Number 20 has been permitted in 
recent years. Number 22, referred to in table III, is a 
special cable using rubber insulation which is permitted 
only in instrument-lighting circuits where the conduit run 
is very short. 

The methods used to reduce radio interference with the 
electrical distribution system have been based upon in- 
sufficient understanding of the problem. Radio inter- 
ference is a quantity which is very difficult to measure and 
which probably has been given undue consideration. In 
the past the practice of the aviation industry has been to 
require as nearly perfect electrostatic shielding as can be 
incorporated in the airplane, and that this shielding be 
bonded to the structure as often as practicable. The 
resulting installation is heavy, difficult to install, and con- 
sequently very expensive. The shielding usually has been 
provided by a system of conduit, both rigid and flexible, 
in combination with aluminum boxes. Table IV shows 
the weight characteristics of various types of flexible 
conduit. This conduit usually consists of aluminum alloy 
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armor covered by a woven braid of aluminum alloy or 
tinned copper wire. In case resistance to moisture is 
important, this conduit may be obtained with a thin coat- 
ing of rubber. The increase in weight caused by the 
conduit can be estimated by assuming that the weight of 
tinned copper conduit approximately equals that of the 
wiring which it encloses. The weight of wiring in typical 
airplanes is given in table V. 

Radio-equipment manufacturers have made no effort 
to shield their equipment in a way that takes advantage of 
the all-metal aircraft structure. Proper shielding of the 
antenna lead-in and radio equipment, with use of the 
airplane structure to shield interference originating within 
the fuselage, would seem to be entirely practicable. The 
metal structure of fuselage and wings would take the place 
of the aluminum conduit now used, and it would be neces- 
sary to provide conduit as a means of mechanical support 
only. From 900 to 2,000 bonds are now required to 
ground the shielding system, as well as parts of the air- 
plane structure. As the engineering and installation costs 
of these bonds may be approximately $1 each, a consider- 
able saving can be achieved simply by reducing their 
number. 

While the requirements for radio performance in air- 
craft must be high on account of the great range in fre- 
quency and distance, there is considerable reason to 
doubt the necessity for the elaborate installations which 
have been made in the past. It is hoped that, with im- 
provements in radio equipment and filtering, the electrical 
system in the airplane can follow automotive practice 
more closely than heretofore. 

Another problem encountered primarily in military air- 
craft is that of vulnerability of the electrical system. A 
group of circuits confined in one conduit for the purpose 
of reducing radio interference and mechanical support is 
a highly vulnerable target. For that reason, military air- 
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craft is likely to sacrifice freedom from radio interference 
to decreased vulnerability. Perhaps this will force the 
development of radio equipment that does not need the 
expensive shielding system used previously, 

One of the most important advantages of electric power 
is that the distribution system can be made self-protecting 
and so designed that any failure automatically is isolated. 
In the past, this result has been achieved by means of 
fuses. However, the equipment available thus far is not 
entirely satisfactory. The automotive-type fuses which 
use tinned copper clips on the end of a glass or phenolic 
case do not withstand service usage as well as desired. 
The clips develop a high resistance contact which causes 
premature failure of the fuses. This type of failure was 
eliminated by using fuses which had lugs adapted for 
mounting studs, but the fuses were so large that aircraft 
manufacturers objected. Circuit breakers have been con- 
sidered for this duty, but to date none has been demon- 
strated which satisfactorily duplicates the action of a fuse. 

For control of the distribution system, small toggle 
switches and relays are normally used. The switches 
occupy a space approximately 2 inches long by 3/4 inch 
wide by 11/, inches deep. These are available in both 
single- and double-throw designs and with a variety of 
operational combinations. Relays suitable for use in air- 
craft are scarce. Relays are not justified until the circuit 
load exceeds 25 amperes. Commercial relays designed 
for currents between 25 and 200 amperes are much larger 
than necessary. In addition, they must be designed to 
withstand vibration, temperature, altitude, and other 
characteristics of use in aircraft. 

The distribution of cable in three sizes of aircraft is 
shown by table V. Reference to this table shows that 
most of the cable in use is in the smaller sizes, 16 to 20. 
The total weight of the respective sizes for the size of air- 
plane under consideration is also tabulated. While a 
great length of cable is used in the smaller sizes, the weight 
of the larger sizes exceeds that of the smaller. This 
demonstrates most effectively the advantage of higher 
operating voltages. All the airplanes for which con- 
sideration is given in table V have 12-volt electrical sys- 


Figure 9. A-c 
engine starter de- 
signed for use 
with 110-volt 
three-phase 400- 

cycle power 


A flywheel, — of 
which the rotor is 4 
part, is accelerated 
to 12,000 rpm, 
when the energy 
thus accumulated is 
released through a 
clutch to the engine 

crankshaft 
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Table IV. Flexible Conduit 
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tems. The decrease in weight of wiring alone made pos- 


sible by use of an equivalent 110-volt d-c system is shown 
in the table. 


DIRECT VERSUS ALTERNATING CURRENT 


There has been a great deal of discussion in the past 
four years regarding the comparative advantages of direct 
and alternating current for use in aircraft. D-c power 
can easily provide a reservoir of energy in the form of a 
battery and its use is comparatively familiar, since the 
system is very similar to that used in the modern auto- 
mobile. As to disadvantages, d-c systems which use a 
battery are practically confined to a relatively low volt- 
age, which means a heavy distribution system. The use 
of low voltage places a definite limit on available power, 
since conductors which carry more than 200 amperes 
continuously without excessive voltage drop are too heavy 
to be of any value in aircraft. The question of commuta- 
tion at altitude has not been completely decided. It is 
known that arcing, which is practically negligible at sea 
level, becomes a serious matter in the ionized air of the 
substratosphere. Whether this is a serious condition has 
not yet been determined. The weight of d-c equipment 
is somewhat greater than that of the a-c equipment of the 
same power and speed. Likewise, the efficiency is lower. 

A-c power has the advantages of light weight and flexi- 
bility of voltage. The latter is of particular importance 
to manufacturers of radio and lighting equipment. Some 
prospective users of a-c power have cited as an objection 
the fact that the high frequency will cause a noticeable 
hum in radio-receiver equipment. That this need not 
occur has been proved by the Army Air Corps with use 
of both 800- and 400-cycle equipment and by the com- 
mercial aviation industry with 800-cycle equipment. In 
each case it was found very easy to filter out the a-c hum. 
The filters were more easily constructed than equivalent 
filters to reduce the noise caused by d-c commutation. 
The higher voltages readily obtained with a-c generators 
permit a greater application of small-cable sizes, thereby 
greatly reducing the weight of the distribution system. 
The elimination of commutators increases the safety of 
the system, particularly when used with fuel pumps, and 
increases the operating life of equipment. Practically no 
maintenance will be needed for a-c motors and trans- 
formers, except lubrication of the motors, whereas brush- 
life as well as lubrication determines the operational 
periods for d-c motors and dynamotors. 
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Table V. Distribution of Cable in Three Sizes of Aircraft 


ee ae 


Single Engine 


Two Engine Four Engine 
AWG plese “HEY pao ey pNs, Hgneth Weight ound) ao, ength Weight Pounds) 
Ss olts Pieces Feet 12 Volts 110 Volts Pieces Feet 12 Volts 110 Volts 
i 
ASO busters 102 
United 12.6 
Boma nine 36.6 
LES Serie 16.7 
(AUR ond 3.8 
B84 nieas 10.0 
AOrararene Sita WuyP TR StS saath: pete steve elathletevalatha sas ote barca tess «dcop torte cup 7.8 
H LOGO Pes ants LOO nce 4.9 
PR a Bd. Oates 5.8 
Ne gaye Os Vingae te 28,0 
COU arora 1463 Sh ation 14.3: 
LOS Od cretion. DASA oats 60.8: 


When considering alternating current for use in aircraft, 
frequency and number of phases as well as operating volt- 
age must be decided. For the past five years the Army 
Air Corps has conducted a development program, during 
which frequencies of 60, 180, 240, 360, 400, and 800 
cycles were considered. Equipment at frequencies of 


360, 400, and 800 cycles was tested. It was found that 
the weight of such equipment as motors and transformers 
reaches a practicable minimum at approximately 240 
cycles per second. The gain made by going to still higher 
frequencies is partially offset by the increase in iron 
necessary to decrease hysteresis losses. The selection of 
a suitable frequency, if the value is to be above 240 
cycles, depends upon characteristics other than weight, 
the most important of which is the operating speed of 
alternators and generators. As noted, an operating speed 
of 24,000 rpm appears to be impracticable, for continuous- 
duty motors, but practicable for intermittent-duty motors, 
Therefore, the minimum frequency to be considered is 
400 cycles. Tests with 400- and 800-cycle equipment 
showed little difference. However, the speeds available 
with 800 cycles are 48,000, 24,000, 16,000, 12,000, etc., 
to a practical minimum of 6,000 rpm. The speed for 
400-cycle motors ranges from 24,000 to 3,000 rpm. As 
this appeared a more useful range of speed, the Army Air 
Corps has standardized on 400-cycle frequency for a-c 
power, in case it is used. 

Tests also were made with both single- and three-phase 
systems. The single-phase system has the advantage that 
the distribution system requires only two cables, or one 
cable and a ground return. The three-phase system re- 
quires three smaller cables, or two and a ground return, 
and has the additional disadvantages that phases must be 
balanced within reasonable limits and that the power factor 
is lower. In so far as motor characteristics are concerned, 
a single-phase motor must use a split-phase winding 
supplied through a capacitor or resistor. The weight of 
this capacitor offsets the savings in wiring possible with 
the single-phase system. For reversing motors, the wiring 
system to a single-phase motor is actually heavier than 
that to a three-phase motor, since three large cables are 
used instead of three small ones. 

The matter of paralleling the output of a-c accessory 
power plants is an important consideration, since the 
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entire output of all accessory power plants must be avail- 
able during certain conditions of flight. Parallel opera- 
tion was not satisfactorily accomplished between single- 
phase alternators, while it was with three-phase alternators. 

A-c aircraft power, in so far as military applications are 
concerned, has a doubtful status at the present time, due 
to the deficiencies in small engines for operation at 
altitude already mentioned. Since separate prime movers 
are impractical for use at high altitudes, the main engines 
on the airplane must be relied upon as a primary source 
of power. These engines must be operated at a variable 
speed, a condition which prevents any consideration of 
direct-driven alternators as a source of electric power. 
While it would be possible to utilize separate alternators 
with a divided bus to permit distribution of power from 
any alternator to any load, this installation would be 
more difficult than is desired. However, the successful 
development of a constant-speed drive which could be 
driven by the variable-speed main engine would permit 
the use of a-c power in medium and large aircraft. This 
constant-speed drive must be reasonably light in weight 
and of such accuracy that parallel operation between 
alternators can be obtained. To provide the equivalent 
of a battery for starting the main engines, an accessory 
power plant, to be used only on the ground for starting 
the main engines and for ground power, would be in- 
stalled in each airplane. 

One possible source of electric power not yet developed 
by the electrical industry is a variable-speed alternator 
operating with a rectifier to duplicate the present d-c 
generator. A 100-ampere 30-volt generator now weighs 
32 pounds. The regulator and reverse current cutout 
used with this generator weigh another 4 pounds, making 
a total of 36 pounds. An equivalent variable-speed al- 
ternator and rectifier with controls in approximately this 
weight would have several advantages to justify its use. 
Voltage regulation would be a simpler matter, commuta- 
tion would be eliminated, and radio interference would be 
reduced to an almost negligible amount. 

Summarizing the situation with regard to electrical 
applications in aircraft, it is hoped that the electrical 
industry will take an increased interest in providing more 
suitable equipment to meet the special needs of the 
aviation industry. 
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Attractive Features Arranged for 
Summer Convention at Toronto 


Tue AIEE summer convention, to be 
held in Toronto, Canada, June 16-20, 1941, 
offers members and guests unusual oppor- 
tunities to combine business and pleasure. 
The technical program, which is scheduled 
to appear in the June issue, will include out- 
standing papers on a variety of timely sub- 
jects, as well as technical conferences and 
committee meetings. United States visitors, 
their Canadian hosts claim, will find novel 
touches in the entertainment, unusual oppor- 
tunities to make their stay in Canada a high 
spot among long-to-be-remembered holi- 
days. Sports and entertainment programs 
are now complete. Extensive plans have 
been made for the special benefit of women 
guests. Convention headquarters will be in 
the Royal York Hotel. No difficulties will 
be experienced in crossing the Canadian 
border (EE, March ’41, p. 134). 

Canadian AIEE members hope to make 
their guests feel so much at home that they 
will want to stay long after the convention 
is over, and return each year to renew ac- 
quaintances. The Mayor of Toronto, the 
Premier of Ontario, and the Prime Minister 
of Canada all have extended official and 
formal welcome to the AIEE. There re- 


mains, however, the unofficial and informal 
welcome for which Canada is noted. 

For a city of over 850,000 population 
Toronto has exceptional facilities for enjoy- 
ment. Fourteen miles of lake front add an 
unusual summer-resort atmosphere to the 
service and comfort found only in large 
centers. At Sunnyside, one of the near-by 
beaches, isa mostattractiveamusement park. 
Closer still to convention headquarters are 
the Canadian National Exhibition grounds, 
350 acres of landscaped park, and a mile and 
a half of Lake Ontario’s waterfront. The 
exhibition buildings are now occupied by 
soldiers and airmen, but the grounds are 
open to visitors. Also near convention head- 
quarters is old Fort York, built in 1793, a 
vivid reminder of the rivalries and contests 
of the past. Just two or three blocks from 
headquarters are two of the largest depart- 
ment stores in the world, as well as unusual 
specialty shops—always an attraction for 
women guests. 

Only a few hours by train or automobile 
from Toronto in almost any direction will 
bring the visitor to vacation lands with 
clear sunlit waters and pine-fringed islands, 
where he may paddle a canoe, race a motor 


Tentative Schedule of Events 


Sunday, June 15 


4:15 p.m. English tea party 


Monday, June 16 


9:00 a.m. Registration 

9:30 a.m. Instruments and measurements 

9:30 a.m. Communication 

1:30 p.m. Qualifying round for Mershon and Lee 
trophies 

2:00 p.m. Conference of officers, delegates, and 
members 

9:00 p.m.  President’s reception 


Tuesday, June 17 
9:00 a.m. Registration 
10:00 a.m. Annual meeting 


12:30 p.m. Luncheon 


1:30 p.m. First round, Mershon trophy 
Second round, Lee trophy 

2:00 p.m. Conference of officers, delegates, and 
members (continued) 

2:00 p.m. Conference of Branch counselors 

9:15 p.m. Hart House party 


Wednesday, June 18 
9:00 a.m. Registration 


9:30 a.m. 


Basic sciences and electronics 


9:30 a.m. Land transportation 

9:30 a.m. Switching equipment 

12:30 p.m. Board of directors’ luncheon and meet- 
ing 

1:30 p.m. Second round, Mershon trophy 

2:00 p.m. Electrical machinery 

2:00 p.m. Relays, ligntning, and insulation 


Thursday, June 19 


10:00 a.m. General session 


10:30 a.m. Semifinals, Mershon trophy 


2:00 p.m. Industrial power applications 
2:00 p.m. Power transmission 

2:30 p.m. Finals, Mershon trophy 

7:30 p.m. Annual dinner (summer formal) 
9:00 p.m. Dance (summer formal) 


Friday, June 20 


9:30 a.m. Power generation 

12:30 p.m. Luncheon, presentation of sports 
prizes 

2:00 p.m. Conference on domestic and com- 
mercial applications 

2:00 p.m. Standards conference 
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launch, sail a boat, or enjoy numerous 
steamer trips. Varied accommodations are 
available at hotels, camps, bungalows, or 
lodges. In the higher altitudes north. of 
Toronto, hay fever is unknown. 

East of Toronto, and reached by a beauti- 
ful drive along Lake Ontario, is the famous 
Thousand Island section of the St. Lawrence 
River. Just north of this are the pictur- 
esque Rideau Lakes. About 50 miles north 
of Toronto is Lake Simcoe. East of Lake 
Simcoe are the Kawartha Lakes and to the 
west is sheltered Georgian Bay with its 
many miles of sandy beaches and its sur- 
prisingly warm water. Another two-hour 
drive brings the vacation-bound visitor to 
the Muskoka Lakes and the Lake of Bays. 
Especially noted for fishing these districts 
also provide facilities for golf, tennis, swim- 
ming, and boating. 


INSPECTION TRIPS 


Advance registration for inspection trips 
is absolutely essential because of national- 
defense requirements. The trips committee 
has made strenuous efforts to provide a large 
variety of excursions. 

Probably one of the most popular trips 
will be that scheduled for Thursday after- 
noon to the Toronto-Leaside 220-kv trans- 
former station of the Hydro-Electric Com- 
mission of Ontario. Located on the out- 
skirts of the city, some seven miles from 
convention headquarters, this is one of two 
receiving terminal stations of the Hydro’s 
220-kv system. The initial components of 
the station were placed in service in 1928, 


Some Summer-Convention Attractions 


Pictured on the facing page are some of the 
features in and near Toronto included in in- 
spection-trip and entertainment plans. 


1. Looking down the transformer runway, 
Toronto-Leaside station, at 420,000 kva of in- 
stalled capacity 

2. New Millwood Road residential substa- 
tion of the Toronto Hydro-Electric System 


3. Royal Canadian Yacht Club, Centre Island 
4. Royal Ontario Museum, Toronto 


5. Circuit breaker assembly, Canadian West- 
inghouse Company, Ltd. 


6. Glengrove substation, Toronto Hydro- 
Electric System, 25,000 kva, supervisory con- 
trolled, is located in a residential district 


7. Transformer banks at the rear of the Glen- 
grove station 


8. Unit substation, 26,400-volts, forming part 
of the primary network of the York Township 
Hydro-Electric System 


9. Core and windings for a 25,000-kva out- 
door transformer being lowered into the vacuum 
drying and oil-impregnation tank at the 
Toronto Davenport works of Canadian General 
Electric Company. The transformer will be 
installed in the new Burlington station of the 
Hydro-Electric Power Commission of Ontario 
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Annual Meeting 


The annual meeting of the Ameri. 
can Institute of Flectrical Engineers 
will be held at the Royal York Hotel, 
Toronto, Ont., Canada, at 10 am, 
on Tuesday, June 17, 1941, This will 
constitute one session of the summer 
convention, 

At this meeting, the annual report 
of the board of directors and the re- 
port of the committee of tellers on the 
ballots cast for the election of officers 
will be presented, 

Such other business, if any, as 
properly may come before the annual 
meeting may be considered, 


(Signed) H. WH. Henuine 


National Secretary 


since which time it has been expanded to its 
existing capacity of 420,000 Kva, Three 
220-kv circuits enter and one leaves the sta- 
tion,on four-circuit bridge-type structures on 
a 200-foot-wide right of way. Six banks of 
45,000-kva and two banks of 75,000-kva 
three-winding transformers are installed, 
Four 25,000-kva vertical-shaft outdoor syn- 
chronous condensers also are installed, 

Perhaps of still greater interest will be 
the Hydro-Electric Power Commission's new 
220-Kv receiving terminal now nearing com- 
pletion of the initial installation, It is 
lecated some 40 miles west of Toronto on 
the Queen Elizabeth Way. Kuown as the 
Burlington transformer station, this new 
receiving terminal has an initial installation 
of two incoming 220-kv circuits and two 
banks of 75,000-kva forced air-cooled trans- 
formers, The station is designed for an 
ultimate installation of 450,000 kva, The 
220-ky¥ transmission extension of the Com- 
mission, around the metropolitan area of 
Toronto and west to Burlington, is of double- 
circuit construction, utilizing type WH seg- 
mental-copper conductors, Arrangements 
will be made to inspect this new constrtc- 
tion as part of the Burlington trip. 

For communications men, there will be a 
trip to the Bell Telephone automatic ex- 
change and a specially arranged communica- 
tions trip including radio station CBL, 
Hornby repeater station, and the Trans- 
Canada Airways beacon and airport facili- 
ties, both on Tuesday, June 17. A special 
trip for distribution men will include the 
low-voltage network of the Toronto Hydro- 
Electric System, also a tour of the recently 
completed primary network of York Town- 
ship Hydro, as well as visits to a newly com- 
pleted residential substation of the Toronto 
Hydro, and another to the Glengrove 
Avenue substation, <A trip is also arranged 
to the Hillcrest shops of the Toronto Trans- 
portation Commission. 

Qf special interest also are organized 
trips to the Hydro-Electric Power Com 
mission's laboratories, an inspection of the 
Commission’s network calculator, and an 
evening trip (on Wednesday, June 18) to the 
Dunlap Observatory. 

Efforts will be made to arrange trips to 
a number of manufacturing plants in To 
ronto, Hamilton, and Oshawa. These trips, 
of course, must be governed entirely by 


national-defense regulations in force at the 
time of the convention, but if advance regis- 
tration indicates sufficient interest, the trips 
committee will try to arrange visits to such 
of the following plants as are of particular 
interest to visitors; Canada Wire and Cable 
Company, Ltd.; Canadian Westinghouse 
Company, Ltd.; Steel Company of Canada; 
Otis-Fensom Elevator Company; Ferranti 
Electric Company; Canadian General Elec- 
tric Company, Ltd., transformer plant, and 
others, 


ENTERTAINMENT 


Members are urged to travel to Toronto 
over the week-end in order to attend the 
first get-together on Sunday afternoon. 
This will be an English-style tea party, to 
be held in the Palm Court of the Royal York 
Hotel, commencing at 4:15 p.m. The Royal 
York String Orchestra with additional artists 
will be in attendance. No charge will be 
made for attending members and_ their 
guests, 

On Monday, June 16, the president’s re- 
ception will be held at 9:00 p.m. in Room A 
of the Royal York, to be followed by an in- 
formal dance in the Concert Hall. As part 
of the entertainment after the dance, uni- 
formed pipers will parade through the Con- 
cert Hall accompanied by dual flag bearers 
who will sing the British and United States 
national anthems. A buffet supper will be 
served at 11:80 p.m, Card playing will be 
arranged for in the anteroom, No charge 
will be made for the evening’s entertainment. 

On Tuesday, June 17, an organized lunch- 
eon is planned (tickets $1.00 each), to which 
women guests will be invited. At 9:15 Tues- 
day evening, members and guests will travel 
through the city to the University of Tor- 
onto's famous Hart House which has been 
turned over completely to the AIEE for the 
evening, Here a series of entertainment fea- 
tures will be presented from opening time 
wntil 12:80 a.m, Heading the list will be two 
stage performances in Hart House theater, 
one running from 9:30 p.m. to 10:15 p.m. 
and the other from 10:45 to 11:30. The 
Hart House carillon will be played by Leland 
Richardson during the period while guests 
are arriving, Several novel entertainment 
features will run concurrently with the main 
shows. The Toronto Dolphinettes will 
present a display of swimming and diving; 
a series of badminton games will be in prog- 
ress in the upper gymnasium; a series of 
ten-minute musical recitals will be given in 
the music room; and other features are 
planned, including moving pictures pre- 
sented by the Hydro-Electric Power Com- 
mission of Ontario, a marionette perform- 
ance, and exhibition games of squash, There 
will be continuous dancing from 9:30 p.m. 
until 1;00 a.m. in the big gymnasium with 
an intermission during which Chinese per- 
formers will give the dragon dance. Weather 
permitting, those who prefer may wander 
out to the Quadrangle which will be suit- 
ably lighted. Tables and chairs will be 
placed there, under the open sky, punch will 
be served, and a trio of troubadours will be 
in attendance. <A buffet supper will be 
served in the Great Hall. Tickets for the 
evening's entertainment will be $1.00 each. 

Che formal dinner and dance will be held 
in the Banquet Hall of the Royal York 
Hotel on Thursday, June 19. Tickets for 
the dinner are $1.50 each and for the dance 
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$2.00. At 10:30 p.m. there will be an inter- 
mission of 15 minutes for a parade of a 
pipers’ band in full-dress uniform, and other 
entertainment features. A buffet supper will 
be served at 11:30 p.m. ‘ 
On Friday, June 20, there will be an 
organized luncheon in the Roof Garden, at 
which the sports prizes will be presented. 
Luncheon tickets will be $1.00 each. 


SPORTS 


Excellent facilities for practically all types 
of sport abound in and around Toronto. 
The term “golfers’ paradise’ has been ap- 
plied to the city, and in addition there are 
ample facilities for tennis, aquatic sports, — 
and many other types of outdoor activity. 
All golf events for men will be played at the 
Weston Golf and Country Club. Arrange- 
ments may be made with any member of the 
committee or at the registration desk for 
noncompetitive play on several other Tor- 
onto courses, 

The qualifying round for the Mershon 
and Lee trophies will be played on Monday 
afternoon. The second 18-hole round for 
the Lee trophy will be played on Tuesday 
and in case of a tie an additional 18 holes 
will be played on Wednesday. The first 
round of match play for the Mershon trophy 
is to be played on Tuesday, the second 
round on Wednesday, and the third on 
Thursday morning, with the final round 
Thursday afternoon. 

In addition to these annual competitions, 
there will be a District team competition in 
which each District may enter a team of four 
men. Then there is to be a “‘kicker’s handi- 
cap” (blind bogey) event. 

The Mershon tennis tournament for men 
will be played at the Boulevard Club on 
Toronto’s lake shore, on the afternoons of 
June 16-19 from 2:00 to 5:30 p.m. The 
finals will be held on Thursday afternoon. 

Women’s golf events will be played at the 
Toronto Ladies’ Golf and Country Club at 
Thornhill, Prizes will be provided for all 
competitions. Women wishing to compete 
should make their desire known at the wom- 
en’s committee desk at the time of regis- 
tration. Courts will be available in the 
mornings at the Boulevard Club for women 
wishing to play tennis. 


WOMEN’S ENTERTAINMENT 


In planning entertainment the committee 
in charge assumed that women guests would 
prefer to have mornings relatively free to 
play golf or tennis, visit Toronto’s shopping 
district, or follow other individual inclina- 
tions, without missing the prearranged 
events. The evening events are being held 
jointly for men and women. During the 
afternoons the following entertainment has 
been planned especially for the women and 
is complimentary to those wearing AIEE 
badges. 


Monday, June 16. At 2:30 p.m., busses 
will leave the Royal York for a visit to the 
James Gardens in one of Toronto’s fine resi- 
dential suburbs, to be followed by a visit to 
the Old Mill tea gardens. The stone house 
on the F. T. James Estate stands on an es- 
carpment overlooking the Humber Valley. 
In the natural sunken gardens, luxurious 
blue spruce trees form backgrounds for lawns 
and pools and exquisite flowers. Winding 
paths lead down through rock gardens and 
natural woods to the river. The Old Mill, 
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Some Toronto Hotels and Rates 


E Single Double 
Hotel Single* Double* With Bath With Bath 
Royal Mora Nead quarters) mmc cnitaseiaa ales ci cde. «acy evasive aie SaOO MEF conghictes $6.00 
King LSE ENTC lis 6 ou voi on 01g ben Bd SY AC aeRO 3.00 to $5.00...... 6.00 to $8.00 
Prinee: Georges ee daes aici. sl nacas $2.00...... $3.00 to $8.50...... 2.00100 3200) 0. ik 4.00 to 5.00 
WyraliraritOuse cuts asemc catw.c' ais OO cree SB e0Q me ee 3.00 


rn 4.50 to 5.00 


* Without bath but with running water. 


where tea will be served, has a rich his- 
torical background. When the first white 
men came to Canada the Humber River was 
a well-known Indian pathway from Lake 
Huron to Lake Ontario. Today the ruins 
of the Old Mill, built on the Humber in 
1798, can still be seen, and a visit to the 
Old Mill restaurant presents an opportunity 
for inspection of the many relics gathered 
together there. 


Tuesday, June 17. Busses will leave the 
Royal York at 2:30 p.m. for Eaton’s College 
Street store where a fashion show will be 
presented. Tea will be served, and may be 
followed by a tour through the store. 


Wednesday, June 18. At 1:30 p.m, 
buses will leave the Royal York to take 
women guests to the Royal Canadian Yacht 
Club wharf, from where they will proceed 
by pinnace to the Royal Canadian Yacht 
Club on Toronto Island across the bay from 
the city. Those who wish may spend the 
afternoon at the Yacht Club for bridge and 
tea, and those not wishing to play bridge 
may enjoy a short launch cruise through the 
island lagoon. 


Thursday, June 19. Aconducted tour via 
the University of Toronto groundsand Parlia- 
ment buildings to the Royal Ontario Mu- 
seum, where they will be conducted through 
the sections in which they are especially in- 
terested. Because the Royal Ontario Mu- 
seum is so vast (having five acres of galleries) 
it is impossible to see the whole museum in 
one attempt. Accordingly, to permit seeing 
the parts of most interest, guests will be 
urged to indicate their preference at the 
women’s registration desk not later than 
Thursday morning. Included in the mu- 
seum is a Chinese section, acknowledged to 
be one of the world’s best, along with other 
sections devoted to pottery, dresses, furni- 
ture, gems, wild life in Canada, murals and 
panels illustrating the stages of the earth’s 
evolution. Tea will be served in the garden. 


HOTELS AND REGISTRATION 


Members should make their hotel reserva- 
tions by writing directly to the hotel pre- 
ferred. For convenience, the rates of the 
headquarters hotel, the Royal York, and 
several other Toronto hotels are given in the 
accompanying table. : 

Members who will attend the convention 
should register in advance by filling in and 
mailing the advance registration card when 
received with the mailed announcement. 
This will assist the committee in making 
advance arrangements and minimizing con- 
gestion at the registration desk. A registra- 
tion fee of $2.00 will be charged all non- 
members except Enrolled Students and the 
immediate families of members. 


SUMMER CONVENTION COMMITTEE 


M. J. McHenry, chairman; A. H. Frampton, vice- 
chairman; D. G. Geiger, secretary; C. E. Mc- 
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William, reasurer; A. W. Bradt, C. H. Burchill, 
E. V. Caton, R. B, Chandler, K. V. Farmer, W. G. 
C. Gliddon, H. W. Haberl, G. R. Langley, J. H. 
Steede, and B, J. O. Strong. Subcommittee chair- 
men: M. J. McHenry, finance; T. W. Hill, public- 
ity; W. J. Gilson, entertainment; T. W. Eadie, 
Sports; J. F. Neild, transportation; V. G. Smith, 
trips; F, F. Ambuhl, hotel and registration; O. W. 
Titus, women's entertainment; J. W. Barker, tech- 
nical program; O, W. Titus, local representative, 
technical program; M. S. Coover, Sections; and 
J. M. Thomson, local representative, Sections. 


Pacific Coast Convention 


to Be Held at Yellowstone Park 


The wonders of Yellowstone National 
Park will provide the setting for the AIEE 
Pacific Coast convention, to be held August 
27-29, 1941. The Canyon Hotel, head- 
quarters for the convention, is near the 
Great Falls of the Yellowstone, pictured on 
this page at the point where the canyon 
walls show the brilliant color that gave its 
name to Yellowstone Park, River, and Lake. 
The rocks are radioactive. 

AIEE members and their families also 
may see Yellowstone’s two groups of 
geysers and colored hot pools, and many 
miles of tugged scenery along paved safe 
highways. Along the roadside will be seen 
wild bear, pronghorn antelope, moose, elk, 
and deer. By going back farther, and hav- 
ing luck, the visitor may find beaver, 
buffalo, geese, mountain sheep, and rare 
swans. No fishing license is required in the 
Park, the streams of which are stocked 
afresh each year. 

Especially for those driving to the con- 
vention, trips can be arranged to include 
rugged Glacier Park, several major hydro- 
electric plants, Fort Peck Dam, rodeos, 


Indian Reservations, little-known Morrison 


Future AIEE Meetings 


Summer Convention 
Toronto, Canada, June 16-20, 1941 


Pacific Coast Convention 
Yellowstone National Park, August 27-29, 
1941 


South West District Meeting 
St. Louis, Mo., October 8-10, 1941 


Southern District Meeting 
New Orleans, La., December 3-5, 1941 


Winter Convention 
New York, N. Y., January 26-30, 1942 


Cave (third largest in the United States), 
mines and smelters, and historical spots at 
Virginia City, Bannock, and several Indian 
battlefields. Further information may be 
obtained from the convention publicity 
chairman, Clair F. Bowman, Helena, Mont. 
Inspection trips will be announced in a 
subsequent issue. W. A. Boyer is chair- 
man of that committee. 


Methods of Mathematical 
Analysis to Be Published 


“Advance Methods of Mathematical 
Analysis as Applied to Electrical Engineer- 
ing’’ is the general title covering a sym- 
posium of five lectures given in New York 
between December 5, 1940, and April 2, 
1941, under the sponsorship of the basic 
sciences group of the New York Section 
AIEE. Designed to acquaint the average 
engineer with the general principles (simpli- 
fied and co-ordinated) involved, these lec- 
tures were received so enthusiastically that 
they currently are being developed into 
manuscript form for publication in ELECTRI- 
CAL ENGINEERING, perhaps beginning early 
this summer. 

The following listing covers the intended 
subjects and authors: 


1. Heaviside’s Direct Operational Calculus, Pro- 
fessor J. B. Russell, Columbia University, 


2. Integration.in the Complex Plane, Professor 
Kurt O. Friedrichs, New York University. 


3. Cireuit Analysis by Laplacian ‘Transforms, 
Doctor J. Millman, College of the City of New York. 


4. Analysis of Systems by Fourier Integrals, 
Professor W. L. Sullivan, Stevens Institute of 
Technology. 


5. Traveling Waves on Transmission Lines, Pro- 
fessor E. Weber, Polytechnic Institute of Brooklyn. 


New Technical Committee Appointed 


At its meeting January 30, 1941, the 
AIEE board of directors voted to establish 
a new technical committee on applications 
of electricity to therapeutics. The scope of 
the new committee will be decided upon by 
the members and the technical program 
committee, but in general it is planned to 
include all applications of electricity per- 
taining to health, such as sanitation, sterili- 
zation, and radiation. 

Members of the new committee are: 


Lloyd L. Call, chairman, General Electric X-Ray 
Corporation, 2012 Jackson Boulevard, Chicago, 
Ill., C. V. Aggers, W. D. Coolidge, Harvey Fletcher, 
Roy Kegerreis, and W. B. Kouwenhoven. 


No Fortescue Fellowship for 1941-42 


The Charles LeGeyt Fortescue Fellow- 
ship committee, meeting March 31, 1941, 
voted not to award the fellowship for the 
year 1941-42, “in view of the national 
emergency and the limited number of candi- 
dates making application.” Announce- 
ment that applications were open appeared 
in the January issue, page 31. 

The demand for young men in industry 
and military service resulting from the na- 
tional emergency was considered by the 
committee to be the chief cause for the small 
number of applications received. The 
consideration that the funds of the fellow- 
ship might prove more valuable in helping 
young men readjust to normal industrial 
life at the end of the emergency also was a 
factor in the committee’s decision to make 
no award for the present year. 
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TECHNICAL PAPERS are previewed in this sec- 
tion as they become available in advance pamphlet 
form. Copies may be obtained by mail = remit- 
ting price indicated to the AIEE order department, 
33 West 39th Street, New York, N. Y.; or at five 
cents less per copy if purchased at AIEE head- 
quarters or at AlEE convention or District-meeting 
registration desks. 


The papers previewed in this issue will be presented 
at the AIEE summer convention, Toronto, Canada, 


June 16-20, 1941. 


Basic Sciences 


41-96—Measurement of Prebreakdown 
Currents in Dielectrics With a Cathode- 
Ray Tube; H. H. Race (F’39). 15 cents 
by mail. In order to obtain more informa- 
tion regarding the mechanism of electrical 
breakdown in insulating liquids, a number 
of experimenters have studied current flow 
as a function of applied voltage, using high 
sensitivity d-c amplifiers with indicating 
instruments having relatively long time 
constants. Such instruments will not fol- 
low rapid changes in current where the time 


intervals are of the order of milliseconds or 
less. We investigated the possibility of 
using a cathode-ray tube as a current detec- 
tor to follow current changes just preceding 
breakdown. This paper describes current 
measurements in liquids with 200-micro- 
second impulse voltage waves and current 
measurements in liquids and solids with 
gradually increasing unidirectional voltage 
applied to the specimens. In liquids, the 
evidence so far obtained leads to the tenta- 
tive conclusion that the final breakdown 
current increases from a substantially steady 
value to failure in fractions of a micro- 
second. This indicates that the final break- 
down mechanism is electronic. It appears 
also that the prebreakdown ionic current 
may be unrelated to the breakdown elec- 
tronic current, since the breakdown gradient 
appears to be affected more by the electrode 
surface conditions than by the ionic con- 
ductivity of the liquid. In polystyrene and 
polyvinyl formal only one record was ob- 
tained showing any prebreakdown current 
greater than 10-8 amperes up to within 2 
milliseconds of failure at breakdown gradi- 
ents of the order of 2.5108 volts per 
centimeter. 


41-103—A Short Method for Evaluating 
Determinants and Solving Systems of 
Linear Equations with Real or Complex 
Coefficients; Prescott D. Crout. . 20 cents 
by mail. This paper describes without 
proof a short method for solving arbitrary 
systems of linear algebraic equations, and 
evaluating determinants, the quantities in- 
volved being either real or complex. The 
work consists largely in determining an 
“auxiliary matrix,’? or block of numbers, 
the process being particularly adapted for 
use with a computing machine. The setting 
down of this matrix and of the final results 
is the only writing required. The work is 
cut almost in half if the given equations (or 
determinant) are symmetrical. A ‘check 
column’ may be used if desired. The 
method described is much shorter than 
Gauss’ method even when there is symmetry 
and the coefficients are real, in which case 
Gauss’ method has been considerably re- 
fined by Doolittle. (Gauss’ method is 
much shorter than a solution by deter- 
minants.) The process is applicable to the 
general case of m equations in 2 unknowns. 


Industrial Power Applications 


41-99—A New Mercury Rheostatic Ele- 
ment for Regulation and Control; K. A. 
Oplinger (M’39). 15 cents by mail. This 
paper describes the principal design features 
and several typical applications of a new 
type of rheostatic device. The rheostatic 
member consists of a large number of her- 
metically sealed mercury contacts which 
can be operated by a small force and move- 
ment. A 100-step unit capable of control- 
ling six kilowatts is described which is 
adaptable to many types of regulating 
systems. An electromagnetic driver oper- 
ates the rheostatic member. Power ampli- 
fication of the order of 100,000 can be ob- 
tained with the device. 


Land Transportation 


41-100—Glass-Bulb Mercury-Arc Rectifiers 
for Traction Service; Charles E. Woolgar. 
15 cents by mail. The paper gives a general 
survey of the ability of glass-bulb mercury- 
are rectifiers satisfactorily to meet the strin- 
gent requirements of traction service. Major 
features pertaining directly to glass bulbs 
are discussed, such as plant capacity, main- 
tenance, efficiency, robustness, etc., but no 
attempt is made to include wider problems 
common to mercury-are rectifiers as a 
class. Wherever necessary, comparison has 
been made to characteristics and behavior 
of other types of conversion equipment to 
indicate in what degree glass-bulb rectifiers 
meet the special requirements of traction 
service. Typical glass-bulb rectifier rat- 
ings, for example, efficiency, power factor, 
regulation, and overload capacity have been 
given without comment, while ability to 
handle severe short circuits, stability, ro- 
bustness, and ability to operate in parallel 
with other equipments is discussed in more 
detail. The paper indicates clearly that 
glass-bulb rectifiers are suitable for traction 
service and in some respects show to ad- 
vantage over other types of conversion 
equipment, particularly in the multiunit 
construction, lack of troublesome auxilia- 
ries, high over-all efficiency, reliability, 
negligible maintenance costs, and flexibility. 


41-101—Electric Locomotive Application; 
E. W. Brandenstein (M’37) and D. R. 


Membership— 


Mr. Institute Member: 


For the eight-month period ending March 31, we have received 1,627 new applications 
for membership, compared with 1,573 for the same period of last year. This is good and we 


appreciate your help. 


However, only 852 applications were received in this period from Enrolled Students, as 
compared with 883 for same period last year. We need your help in locating and bringing 
the advantages of membership to these young engineers. Co-operation with your Section 
membership committee in this matter will be appreciated. 


Z C 


Chairman, National Membership Committee 
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MacLeod (A’33). 20 cents by mail. An 
electric locomotive of balanced design suit- 
able for high-speed service, either Passen- 
ger or freight, is a modern development in 
railroad motive power. This paper pre- 
sents curves which show how high horse- 
power at speed can supplement momentum 
operation to ‘haul heavy trains over dif- 
ficult profiles. The characteristics of the 
principal parts of electric locomotives are 
discussed, and the engineering fundamentals 
which enter into their selection are out- 
lined. The conclusion is drawn that the 
electric locomotive is capable of moving 
more gross ton miles per train hour with 
fewer units than any other type of motive 
power. 


Power Transmission and Distribution 


41-94—-Conductor Vibration—the Theory of 
Torsional Dampers; James W. Speight. 
20 cents by mail. The paper is a theoretical 
treatment of the torsional damper which 
has been applied effectively on transmission- 
line conductors for the suppression of 
eolian vibrations. The formulas of the 
energy dissipation are derived for three 
cases: a single rigid damper, two rigid 
dampers at one end of a span, and a single 
damper with a resilient joint at the center 
of gravity. The results are valuable in 
understanding the mode of. operation of the 
torsional damper and point to certain opti- 
mum features of design. The formulas can 
be used for numerical calculations, if the 
requisite physical constants are known. 


41-97—Measurement and Control of Con- 
ductor Vibration; Gordon B. Tebo (A’36). 
20 cents by mail. A method is outlined for 
determining the effectiveness of devices used 
for preventing vibration fatigue in trans- 
mission conductors. Measuring equipment 
described provides field records of conductor 
vibration in the quantitative form essential 
for such determinations. Records obtained 
on typical constructions are analyzed and 
correlated with fatigue tests and operating 
experience to determine the probable life 
of the conductor. Data are given on the 
performance of various devices, including a 
special loose-core conductor, a double- 
suspension clamp, armor rods, Stockbridge 
dampers, and a newly developed torsional 
damper. Of the devices tested, dampers 
are shown to be most effective in reducing 
vibration stresses. 


41-95—The 220,000-Volt System of the 
Hydro-Electric Power Commission of On- 
tario—II; A. H. Frampton (M’28) and 
E. M. Wood (M’25). 20 cents by mail. At 
the summer convention of the Institute in 
1930 Mr. E. T. J. Brandon presented a 
paper under this same title, describing the 
design of the initial components of this 
system, which had then been in operation 
approximately one and one-half years. At 
that time, one and one-half circuits, having 
a combined length of 350 miles, were in serv- 
ice, transmitting approximately 150,000 
horsepower to a receiving terminal station 
in the Toronto area of 180,000-kva capacity. 
At the present time, the Commission is 
operating a total of 1,000 miles of single- 
circuit 220,000-volt construction, with one 
receiving terminal of 420,000-kva rated 
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capacity, and is placing into service im- 
mediately 45 miles of double-circuit con- 
struction and a second receiving terminal of 
150,000-kva capacity. This paper pre- 
sents a brief history of the development of 
the system and places on record the ex- 
perience gained in 8,400 circuit-mile-years 
of operation of the transmission circuits. 
Data are presented regarding lightning out- 
ages and the behavior of the circuits under 
sleet and conductor vibration. These data 
are then used to indicate the reasons for 
certain revisions made in the design of new 
single-circuit construction carried out during 
1940-41, and to indicate the factors that 
influenced the design of a new 45-mile 
double-circuit extension. The paper con- 
cludes with a discussion of the relay protec- 
tion system and the improvements now 
being incorporated therein. 


Protective Devices 


41-102—Development in Lightning Protec- 
tion of Stations; EH. R. Whitehead (M’39). 
15 cents by matl. Effective direct-stroke 
lightning protection for high-voltage high- 
capacity stations can be obtained by the use 
of the overhead ground wire, transformer- 
mounted arresters, and line entrance back- 
up gaps or protective tubes. For stations 
on subtransmission systems employing wood 
insulation throughout, overhead ground 
wires are usually not economical, and light- 
ning strokes having high rates of current 
rise may catse either arrester or transformer 
failures. A reactor can be employed to 
compensate for the ‘‘turn-up”’ of the gap or 
tube flashover characteristic, and provide 
a high degree of direct-stroke protection 
for the transformer winding. 


41-100—Field Investigations of Lightning; 
C. F. Wagner (F’40), G. D. McCann 
(A’38), and Edward Beck (M’35). 25 
cents by matl. During the past two years 
lightning investigations have been carried 
out by the Westinghouse company by 
means of specially devised instruments, 
chief of which is the fulchronograph. The 
stations at which these instruments are 
located are of two kinds; first, those de- 
signed to measure the total current in direct 
strokes, and second, power system stations 
designed principally to measure the dis- 
charge currents in protective devices. 
Considerable information has been ob- 
tained regarding the multiple character and 
wave shape of the current in the discharges 
for both types of stations. These data, in 
conjunction with other data on the field 
performance of arresters, have revealed 
definite differences between the nature of 
direct strokes and the currents they produce 
in arresters. They also show that the 
nature of the system grounding affects the 
character of the currents discharged by 
arresters. 


41-99—Bus Protection Independent of Cur- 
rent Transformer Characteristics; G. Steeb 
(M34). 15 cents by matl. Reliable high- 
speed bus protection can now be provided 
by a method which requires neither matched 
current transformers nor the insulation of 
all equipment from ground. Standard- 
made, high-speed, directional and plunger- 
type relays of simple design provide the 
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basic means of bus protection. A salient 
feature of this scheme is that false tripping, 
because of defects in its circuits or mistakes 


made by maintenance men, is very un- 
likely. 
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Co-ordinating Committee 7 
Establishes Subcommittee 


A subcommittee of standards co-ordinat- 
ing committee 7, on conduction in vacuum 
and low-pressure gases and vapors, has been 
organized under the chairmanship of 
Thomas Spooner, manager of the engineer- 
ing laboratories and standards department 
of the Westinghouse Electric and Manufac- 
turing Company. This subcommittee will 
carry on, within its assigned scope, the usual 
activities of the co-ordinating committees. 
More specifically, it will attempt to work 
out guiding standards relating to devices 
which depend in their operation upon con- 
duction in vacuum and low-pressure gases 
and vapors, as was done for machines, 
transformers, etc in AIEE Standard No. 1. 
One of the first tasks will be to classify the 
various types of vacuum and gas-conduc- 
tivity devices according to basic principles 
of operation, structural features, and utility; 
also, to correlate, supplement, and bring up 
to date existing definitions as proposed by 
various standardizing bodies. 


Apparatus Bushings. A proposed AIEE 
Standard on Apparatus Bushings, No. 21, is 
now available in pamphlet form. This has 
been issued for trial use. It was developed 
by the joint committee on bushing stand- 
ardization working under the chairmanship 
of R. T. Henry. These proposed standards 
specifically cover the following types of 
bushings: outdoor bushings for large ap- 
paratus; cover-type bushings for small ap- 
paratus; and indoor bushings for all types 
of apparatus except dry-type instrument 
transformers, air-blast transformers, dry- 
type regulators, and circuit breakers rated 
below 5,000 volts, and nonoiltight oil circuit 
breakers rated 50,000 kva or less. An ap- 
pendix to the standard contains a test code 
and the bushing requirements as specified 
in the standard apply to bushings when 
mounted for testing in accordance with the 
specified arrangements as given in the code. 
Copies of No. 21 can be obtained without 
charge by addressing AIEE headquarters, 
33 West 39th Street, New York, N. Y. 


Abbreviations for Scientific and Engineering 
Terms. An American Standard for Ab- 
breviations for Scientific and Engineering 
Terms, Z10.1, has just been issued. This 
is a revision of the American Tentative 
Standard published in 1932. It was de- 
veloped by a subcommittee of the Sectional 
Committee on Letter Symbols and Ab- 
breviations for Science and Engineering. 
G. A. Stetson, editor of Mechanical Engi- 
neering was chairman of the subcommittee. 
Copies of Z10.1 can be obtained at a cost 
of 35 cents each by addressing American 
Society of Mechanical Engineers, 29 West 
39th Street, New York, N. Y. 
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R. E. Doherty (A’16, F’39) president of 
Carnegie Institute of Technology, Pitts- 
burgh, Pa., has been appointed chairman of 
the Production Planning Board, recently 
created as an agency of the Office of Produc- 
tion Management to formulate a long-range 
program for defense and post-emergency 
production. Doctor Doherty’s appoint- 
ment as a charter member of the board was 
announced in the April issue, page 182. 
Born January 22, 1885, at Clay City, IIl., he 
received the degree of bachelor of science 
from the University of Illinois in 1909, that 
of master of science from Union College in 
1920, and the honorary degrees of master of 
arts, 1931, from Yale University, and doctor 
of laws, from Tufts College and the Univer- 
sity of Pittsburgh, 1936. He was employed 
as a student engineer by the General Elec- 
tric Company, Schenectady, N. Y., in 1909, 
and in 1910 became designing engineer on a-c 
machinery. He later became assistant to 
the late C. P. Steinmetz (A’90, F’12) and in 
1922 was appointed consulting engineer. 
He organized the company’s advanced 
course in engineering and was responsible 
for educational work among college gradu- 
ates in General Electric employ. In 1931 
he was appointed professor of electrical engi- 
neering at Yale University and in 1933 be- 
came dean of the school of engineering. He 
has been president of Carnegie Institute of 
Technology since 1936. He was elected 
chairman of the Engineers Council for Pro- 
fessional Development in 1940, having 
served as vice-chairman 1938-39. The re- 
cipient of the 1937 Lamme Medal of the 
AIEE, Doctor Doherty has been active on 
various Institute committees. He is also a 
member of the Society for Promotion of 
Engineering Education, Tau Beta Pi, Sigma 
Xi, and Eta Kappa Nu, and is the author of 
many technical and general articles. 


T. F. Ball (M’28, F’38) formerly professor 
and head of the department of electrical 
engimeering, University of South Carolina, 
Columbia, S. C., has been appointed profes- 
sor of electrical engineering at the United 
States Naval Academy, Annapolis, Md. He 
has received a commission as lieutenant com- 
mander in the Naval Reserve. Born at 
Richmond, Va., April 18, 1894, he received 
the degrees of bachelor of science (1915) 
from the University of South Carolina and 
master of science (1919) from the University 
of Virginia. He was imstructor in physics 
at the University of South Carolina 1915-16, 
and at the University of Virginia 1916-17, 
and assistant professor of physics at the lat- 
ter institution 1919-22. He returned to the 
University of South Carolina as associate 
professor of electrical engineering in 1925, 
and has been professor and head of the de- 
partment simce 1928. He has also carried 
mm active practice as a consulting engineer 
during this period, and in 1933 was chairman 
of the Water Power Investigating Commit- 
tee for the State of South Carolina. He was 
active in the formation of the AIEE South 
ina Section in 1940 and was elected its 
St chairman, and has been counselor for 
University of South Carolina Branch 
8. He is also a member of the 
American Association for the Advancement 


of Science and the Society for Promotion 
of Engineering Education. 


J. W. Barker (M’26, F’30) dean of engineer- 
ing, Columbia University, New York, N. Y., 
has been appointed special assistant to the 
Undersecretary of the Navy, Washington, 
D.C. Dean Barker, who is currently serv- 
ing the Institute as vice-president of Dis- 
trict 3 and chairman of the technical pro- 
gram committee and committee on award of 
Institute prizes, has a distinguished record 
of professional service. A native (1891) of 
Lawrence, Mass., he received the degrees of 
bachelor of science (1916) and master of 
science (1925) from Massachusetts Institute 
of Technology, Cambridge, where he was 
associate professor of electrical erfgineering 
1925-29. From 1916 to 1925 he served in 
the Coast Artillery Corps of the United 
States Army, for a time as officer in charge 
of civil affairs for the American forces in 
Germany. He headed the department of 
electrical engineering at Lehigh University, 
Bethlehem, Pa., 1929-30, and since 1930 has 
held his position at Columbia. He has been 
active on Institute committees and in other 
technical societies and was recently elected 
to the executive committee of the council 
of the American Association for the Ad- 
vancement of Science (HE, Feb. '41, p. 87), 


K. W. Waterson (A’0)5, F’22) has retired as 
vice-president in charge of personnel rela- 
tions, American Telephone and Telegraph 
Company, New York, N. Y. Born March 
9, 1876, at Chelsea, Vt., he received the de- 
gree of bachelor of science in electrical engi- 
neering at Massachusetts Institute of Tech- 
nology in 1898. He entered the employ of 
American Bell Telephone Company, AT&T 
predecessor, in Boston, Mass., immediately 
after graduation, in 1905 was placed in 
charge of traffic engineering, and in 1906 in 
charge of both traffic and central-office engi- 
neering. Upon reorganization of the engi- 
neering department in 1909 he was made 
engineer of traffic, and in 1919 was placed 
in charge of the department of development 
and research, continuing to head the traffic- 
engineering section of the engineering de- 
partment. In 1920 he was made assistant 
chief engineer of the department of opera- 
tion and engineering, and in 1927 assistant 
vice-president. He has been vice-president 
in charge of personnel relations since 1937. 
He also resigns as a director of Bell Tele- 
phone Laboratories, Inc. 


John Morse (A’09) formerly assistant gen- 
eral manager, Shawinigan Water and Power 
Company, Montreal, Quebec, Canada, has 
been appointed vice-president in charge of 
operation. He was born February 20, 1881, 
at Sjurberg, Rattvik, Sweden. After work- 
ing as a draftsman for the Maxwell-Briscoe 
Motor Company, Tarrytown, N. Y., and for 
General Electric Company, Schenectady, 
1906-07, he was employed by the Shawini- 
gan company in 1907 and has been associ- 
ated with the company continuously since 
as draftsman, superintendent of operation, 
general superintendent, and assistant gen- 
eral manager. He is chairman of the na- 
tional Canadian committee of the Interna- 
tional Conference on High-Voltage Electri- 
cal Systems (CIGRE), past president of the 
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Canadian Electrical Association, and also a 
member of the Engineering Institute of 
Canada. 


A. R. Rutter (A’35) has been appointed man- 
ager of engineering, meter division, Westing- 
house Electric and Manufa¢turing Com- 
pany, Newark, N. J. A native (1894) of 
Wellsburg, W. Va., he received the degree of 
bachelor of science in electrical engineering 
from the University of Pittsburgh in 1917. 
After working for a short time for the Du- 
quesne Light Company, Pittsburgh, Pa., 
and the Pittsburgh Experiment Station of 
the United States Bureau of Mines, he was 
employed in the engineering department of 
the Westinghouse company at East Pitts- 
burgh. He was made section engineer in 
the meter division when the division was 
transferred to Newark, N. J., in 1928, and a 
few months ago was appointed assistant 
manager of the engineering department of 
the division (EE, April ’41, p. 182). 


L. H. Hill (A’22, F’38) formerly engineer in 
charge of transformer division,  Allis- 
Chalmers Manufacturing Company, Mil- 
waukee, Wis., has been made assistant man- 
ager of the company’s electrical department. 
After receiving the degree of electrical engi- 
neer from Cornell University in 1922, he 
entered the transformer engineering depart- 
ment of the Westinghouse Electric and 
Manufacturing Company, and was placed 
in charge of power transformer develop- 
ment in 1925. He became manager of the 
transformer division of the American Brown 
Boveri Company, Camden, N. J., in 1928, 
and continued in that position after Allis- 
Chalmers took over the company in 1931. 


E. S. Webster (A’91, M’07) co-founder of 
the firm of Stone and Webster, Inc., Boston, 
Mass., has been elected chairman of the 
board. The office of vice-chairman, form- 
erly held by Mr. Webster, has been elimi- 
nated. Mr. Webster was born August 26, 
1867, at Boston, Mass., and received the 
degree of bachelor of science from Massa- 
chusetts Institute of Technology in the 
electrical-engineering course in 1888. In 
1889 he formed with the late C. A. Stone 
(A’91, M’07) the engineering firm of Stone 
and Webster, which he headed jointly with 
Mr. Stone until the latter’s recent death 
(EF, April ’41, p. 183). 


G. B. Shanklin (A’16, M’29) application 
engineer, central station department, Gen- 
eral Electric Company, Schenectady, N. Y., 
has received a Charles A. Coffin award for 
the development of a low-voltage gas-pres- 
sure cable. This is his second Coffin award, 
the first having been presented in 1932 for 
improvements in installation of oil-filled 
cable. Mr. Shanklin has been with General 
Electric since graduating from the Univer- 
sity of Kentucky with the degree of bachelor 
of mechanical engineering in 1911, and has 
been with the central station department 
since 1922. 


H. J. Klumb (A’16) formerly assistant super- 
intendent of electrical distribution, Roches- 
ter, N. Y., Gas and Electric Corporation, has 
been made superintendent of electrical dis- 
tribution. He received the degree of bache- 
lor of science in electrical engineering from 
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Mississippi Agricultural and Mechanical 
College in 1912, and after four years with 
the Westinghouse Electric and Manufactur- 
ing Company, was employed in the meter 
department of the Rochester Railway and 
Light Company, predecessor of the present 
company, in 1916. 


W. R. LaMotte (M’36) formerly superin- 
tendent of the Essex generating station of 
the Public Service Electric and Gas Com- 
pany, Newark, N. J., has been appointed 
assistant general superintendent of genera- 
tion, general office, a newly created position. 
A graduate of Clemson College (1912), he 
has been associated with the company and 
its predecessors since 1914, except for service 
in the United States Navy, 1917-18, and has 
been superintendent of the Essex station 
since 1926, 


J. F. Calvert (A’27, M’35) professor and 
chairman of the department of electrical 
engineering, Northwestern Technological 
Institute, Evanston, IIl., has been appointed 
a civilian employee of the United States 
Navy, with headquarters at Washington, 
D.C. E. W. Kimbark (A’27, M’35) assist- 
ant professor of electrical engineering, has 
been made acting chairman of the depart- 
ment for the period of Chairman Calvert’s 
absence. 


R. C. Giese (A’19, M’32) formerly district 
plant superintendent, American Telephone 
and Telegraph Company, Springfield, IIl., 
has been appointed division plant super- 
intendent, division 1, long lines department, 
New York, N. Y. H. H. Nance (M’24), 
plant extension engineer, has been appointed 
engineer, long lines department, and J. E. 
Dingman (M’37) formerly division plant 
superintendent, division 7, becomes plant 
extension engineer. 


H. B. McIntyre (M’38) formerly general 
commercial engineering assistant, New Eng- 
land Telephone and Telegraph Company, 
Boston, Mass., has been appointed general 
commercial toll-rate engineer. He entered 
the telephone business in 1922 in Man- 
chester, N. H., becoming division com- 
mercial engineer of the southern division of 
the New England company in 1926, rate 
engineer of the southern area in 1929, and 
assuming his former position in 1935. 


F. J. Chesterman (A’20, F’22) vice-presi- 
dent and general manager, western division, 
Bell Telephone Company of Pennsylvania, 
Pittsburgh, Pa., has been made vice-presi- 
dent in charge of operations, with head- 
quarters at Philadelphia. He has been as- 
sociated with the Bell System since 1905, 
going to the Pennsylvania company in 
1920 as chief engineer, and being appointed 
vice-president and general manager of the 
western division in 1926. 


Alexander Wilson, 3d (A’15) formerly mana- 
ger, electric operations department, Phila- 
delphia Electric Company, Philadelphia, 
Pa., has been appointed manager of the 
company’s newly formed transmission and 
distribution department. G. S. Van Ant- 
werp (A’25) formerly general superintendent 
of electric transmission and distribution, 
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continues as general superintendent of the 
new department. 


G. C. Tenney (A’35) editor, Electrical West, 
McGraw-Hill Company of California, San 
Francisco, recently was elected treasurer of 
the Northern California Electrical Bureau. 
W. P. L’Hommedieu (M’38) manager, cen- 
tral station sales, Pacific Coast district, 
Westinghouse Electric and Manufacturing 
Company, San Francisco, was elected a 
member of the executive committee of the 
bureau. 


P. L. Giering (A’26, M’31) former chief 
electrical engineer, New York World’s Fair, 
New York, N. Y., has been appointed chief 
electrical engineer, Caribbean Architect- 
Engineer, New York, N. Y. A graduate of 
Rensselaer Polytechnic Institute, he has 
practiced as consulting electrical engineer, 
having worked on the Detroit and Boston 
vehicular tunnels, and other projects. 


C. F. Craig (M’27) vice-president, American 
Telephone and Telegraph Company, New 
York, N. Y., has been placed in charge of 
the personnel relations department of the 
company. He had been head of the long 
lines department since his election as vice- 
president in 1940. A biographical sketch 
of Mr. Craig appeared in the August 1940 
issue, page 344. 


H. P. Sedwick (M’32) general manager, 
Public Service Company of Northern 
Illinois, Chicago, Ill., has been elected 
vice-president of the company. He will 
continue as general manager. A _ bio- 
graphical sketch of Mr. Sedwick appeared 
in the May 1940 issue, page 216. 


A. A. Schuhler (A’19, M’27) formerly protec- 
tion engineer in charge of government 
division, American District Telegraph Com- 
pany, Washington, D. C., is now employed 
as sales manager, Schwarze Electric Com- 
pany, Adrain, Mich. 


G. L. Oscarson (A’24, M’30) formerly sales 
manager, St. Louis (Mo.) district, Electric 
Machinery Manufacturing Company, Min- 
neapolis, Minn., has been appointed chief 
application engineer of the company, with 
which he has been associated since 1922. 


W. E. Poor (A’15) vice-president, Hygrade- 
Sylvania Corporation, Salem, Mass., has 
been made executive vice-president in 
charge of all operations of the company, 
with headquarters at New York, N. Y. 
He has been with the company since 1910. 


Eric O’Hara (A’36) sales engineer, Cincin- 
nati Gas and Electric Company, Cincin- 
nati, Ohio, has been elected president of the 
Technical and Scientific Societies Council 
of Cincinnati for the year beginning March 
1, 1941. 


J. R. Charlton (A’22, M’29) formerly divi- 
sion plant engineer, American Telephone 
and Telegraph Company, St. Louis, Mo., 
has been appointed area plant supervisor, 
southern area, with headquarters at Atlanta, 


Ga. 


O. C. Schlemmer (A’30, M’39) formerly 
plant supervisor, Cincinnati and Suburban 
Telephone Company, Cincinnati, Ohio, has 
been transferred to the personnel relations 
department, American Telephone and Tele- 


. graph Company, New York, N. Y. 
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J. A. Powell (M’31) formerly vice-president, 
Utility Management Corporation, Reading, 
Pa., has become associated with Stone and 
Webster Engineering Corporation, with 
headquarters at Boston, Mass. 


R. R. Wisner (A’23) electrical engineer, 
Stone and Webster Engineering Corpora- 
tion, Boston, Mass., has been appointed 
assistant chief electrical engineer. He has 
been with Stone and Webster since 1912, 


L. D. Canfield (A’21) formerly vice-presi- 
dent and general manager, Westinghouse 
X-Ray Company, Long Island City, N. Y., 
has been appointed manager of the X-ray — 
division, 


J. O. Walz (A’21) formerly section engi- 
neer, small motors division, Westinghouse 
Electric and Manufacturing Company, 
Lima, Ohio, has been made manager of the 
engineering department of that division. 


C. E, Mason (A’34) general plant supervisor, 
Indiana Bell Telephone Company, Indian- 
apolis, has also been given the duties of 
general plant employment supervisor for 
that company. 


Obituary ee e ® 


John Henry Schumacher (A’07, M’13) 
president, Schumacher-Mackenzie, Ltd., 
contracting electrical engineers, Winnipeg, 
Manitoba, Canada, died April 1, 1941. He 
was born March 6, 1880, at Dubuque, Iowa, 
and received the degree of electrical engi- 
neer from the University of Minnesota in 
1903. From 1903 to 1907 he was employed 
by W. I. Gray and Company, contracting 
engineers, Minneapolis, Minn., as journey- 
man electrician and later as assistant super- 
intendent and superintendent. In 1908 he 
was construction manager for the Minne- 
apolis Electric Equipment Company, and 
in 1909 went with the Charles L. Pillsbury 
Company, consulting engineers. He went 
to Winnipeg in 1911 as manager and engi- 
neer of the Mitchell-Gray Electric Com- 
pany. When the company was reorganized 
in 1913 as the Schumacher-Gray Company, 
Ltd., the became treasurerand manager, later 
becoming president of the firm, which subse- 
quently became Schumacher-Mackenzie, 
Ltd. Although continuing as president, he 
retired from active business in 1985. He 
was vice-president of the Electrical Heating 
Company, Ltd. and the Power and Mine 
Supply Company. He was also a member 
of the Illuminating Engineering Society, 
Engineering Institute of Canada, Sigma Xi, 
and Tau Beta Pi, western Canada commit- 
teeman for the National Electrical Contrac- 
tors Association, and was active in local 
electrical organizations in Winnipeg. 


Frederick Valdemar Henshaw (A’89, M’95) 
financial consultant, Wood, Struthers, and 
Company, New York, N. Y., died March 23, 
1941. He was born August 9, 1866, at 
Brooklyn, N. Y., and studied at Bishops 
College, Montreal, Quebec, Canada, where 
he was for a time assistant to the professor 
of chemistry. He was with Evans Brothers 
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and Mason, Ltd., chemical works, 1885-86; 
in 1887 was employed by the Royal Electric 
Company, Montreal manufacturers of 
Thomson-Houston machinery; and in 1888 
became design engineer for the C. and C. 
Electric Company, Brooklyn, N. Y. He 
was later employed as erecting engineer by 
the Crocker-Wheeler Company, Ampere, 
N. J., and for many years was engaged in 
private consulting practice in New York, 
N. Y. Before the World War he was em- 
ployed by General Electric Company and 
made several trips abroad to appraise prop- 
erties. He was associated for a time with 
Bonbright and Company, utility investment 
firm, and in 1922 joined Wood, Struthers, 
and Company as consultant. He was in- 
strumental in drafting the bill passed by the 
New York State Legislature in 1927 which 
permitted savings banks to invest in utility 
bonds. He was also a member of The 
American Society of Mechanical Engineers. 


Archibald Kane MacNaughton (A’21, M’26, 
F’37) distribution betterment engineer, 
Ebasco Services, Inc., died in March 1941 at 
Atlanta, Ga. He was born January 21, 
1894, at Calumet, Mich., and studied elec- 
trical engineering at the University of 
Michigan. In 1916 he was employed in 
the meter department of the El Paso, Tex., 
Railway, Light, and Power Company, the 
first of several companies under Stone and 
Webster management with which he was 
associated. He became secretary to the 
manager in 1917. In 1918 he was made 
general superintendent of the Ponce, Puerto 
Rico, Railway and Light Company, and in 
1920 went to the Blackstone Valley Gas and 
Electric Company, Pawtucket, R. I., as elec- 
trical engineer, later becoming superintend- 
ent of distribution. He served as electrical 
engineer for Stone and Webster, Inc., Bos- 
ton, Mass., 1926-27, and for the Narragan- 
sett Electric Company, Providence, R. I., 
1927-28. From 1928 to 1932 he was plan- 
ning engineer for the Georgia Power Com- 
pany, Atlanta, and from 1932 to 1938 super- 
vising engineer for the Commonwealth and 
Southern Corporation at Birmingham, Ala. 
He had been with Ebasco Services since 
1938. 


George W. Whittemore (A’02) retired as- 
sistant vice-president, New York, N. Y., 
Telephone Company, died August 22, 1940, 
according to information just received. He 
was born December 14, 1868, in Brooklyn, 
N. Y., and received the degree of bachelor 
of arts from Columbia University in 1890, 
later taking graduate work in electrical 
engineering at Columbia and a law course 
at the New York Law School. He entered 
the long lines department of the American 
Telephone and Telegraph Company in 
1892, and in 1899 was transferred to the 
Bell Telephone Company of Buffalo, N. Y., 
as engineer, becoming general superintend- 
ent of plant in 1902. He was appointed 
chief engineer of the New York Telephone 
Company in 1910 and in 1916 became as- 
sistant chief engineer for a group of eastern 
companies in the Bell System, including the 
New York company. He had charge of 
preparing the New York Telephone Com- 
pany’s valuation of property for Federal 
rate hearings in 1924, and in 1927 was ap- 
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pointed assistant vice-president in charge 
of appraisals, depreciation studies, and rate 
case matters. He retired in 1934. 


Thomas Smith Baker (A’28, M’38) radio 
engineer, Tropical Radio Telegraph Com- 
pany, Boston, Mass., died February 27, 
1941, at Washington, D. C. He was born 
July 24, 1896, at Sullivan, Maine, and took 
the Navy electrical and radio course at the 
University of Washington. He was an 
apprentice electrician in the United States 
Navy 1914-17, and radio electrician in the 
Naval Reserve 1917-19. In 1920 he became 
shift engineer for the Radio Corporation of 
America, at Bolinas, Calif., and returned to 
that organization in 1928 after several years 
on electrical construction work for Pacific 
Gas and Electric Company, Yosemite Port- 
land Cement Company, and General Elec- 
tric Company. In 1930 he went with Press 
Wireless, Inc., Chicago, IIl., and was chief 
engineer 1932-36. He was superintendent 
of radio construction, Office of the Chief 
Signal Officer, United States Signal Corps, 
Washington, D. C., 1936-37; chief engi- 
neer, communications division, Hearst 
Radio, Inc., New York, N. Y., 1937-389; 
and had since been traveling engineer for 
Tropical Radio Telegraph Company in 
Panama. 


Herbert Monroe Case (A’11, F'’38) consult- 
ing engineer, Long Island Lighting Com- 
pany, New York, N. Y., died at Amityville, 
N. Y., March 31, 1941. He was born at 
Hartford, Conn., September 29, 1875, and 
received the degree of bachelor of science in 
electrical engineering at Massachusetts 
Institute of Technology in 1899. The same 
year he was employed by the General Elec- 
tric Company, first on installations at Bos- 
ton, Mass., then in the testing department 
at Schenectady, N. Y. He was transferred 
to Cincinnati, Ohio, as sales engineer about 
1902. In 1905 he became consulting engi- 
neer for the General Engineering Company, 
Cleveland, Ohio, and two years later man- 
ager of the Connersville, Ind., Light, Heat, 
and Power Company. He returned to Gen- 
eral Electric in 1910 as engineering specialist 
with the New York, N. Y., office. In 1912 
he became vice-president and chief engineer 
of E. L. Phillips and Company, New York, 
continuing in this position until 1933, when 
he became associated with the affiliated 
Long Island Lighting Company. 


John F. Mulligan (A’29, M’37) general 
superintendent, electric distribution con- 
struction, Consolidated Edison Company of 
New York, Inc., New York, N. Y., died 
February 6, 1941. He was born March 1, 
1881, at Rock Tavern, N. Y., and studied at 
the College of the City of New York. He 
was employed by the United Electric Light 
and Power Company, one of the predecessors 
of Consolidated Edison, in 1902. In 1911 he 
was appointed assistant foreman, in 1918 
district foreman, in 1922 general foreman, 
and in 1923 assistant superintendent of the 
cable bureau. In 1930 he became assistant 
superintendent of the transmission and dis- 
tribution department of the United com- 
pany, and in 1933 supervisor of the trans- 
mission bureau of that and the New York 
Edison Company. He became superintend- 
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ent of transmission and distribution for 
New York Edison the same year, and con- 
tinued in that position with Consolidated 
Edison until the beginning of 1941, when he 
became general superintendent of the elec- 
tric distribution construction department. 


Henry Carter Don Carlos (F’18) chief oper- 
ating engineer, Hydro-Electric Power Com- 
mission of Ontario, Toronto, Ontario, Can- 
ada, died March 29, 1941. He was born in 
Moniteau County, Mo., November 13, 
1875, and received the degree of bachelor of 
science in electrical engineering from the 
University of Missouri in 1902. From 1902 
to 1905 he was electrical engineer for the 
Telluride Power Company, Telluride, Colo., 
and from 1905 to 1912 superintendent of the 
Eureka, Utah, Electric Company. During 
the latter period he was in charge of distri- 
bution and transmission for both companies. 
He had been chief operating engineer of the 
Ontario Hydro-Electric Power Commission 
since 1912, in charge of operation and main- 
tenance of all generating stations, substa- 
tions, and transmission lines. He was a 
director of the Institute 1926-30, chairman 
of the Toronto Section 1924-25, and past 
president of the Engineers Club of Toronto. 


Frank Llewellyn Moser (A’25, M’31) super- 
intendent of maintenance, Duke Power 
Company, Charlotte, N. C., died March 25, 
1941. He was born October 7, 1882, China 
Grove, N. C., and attended Lenoir College. 
After four years in the United States Navy 
he was employed in 1905 in the construction 
and maintenance department of the South- 
ern Power Company, a predecessor of Duke 
Power Company. In 1913 he became super- 
intendent of maintenance, in charge of in- 
stallation and maintenance of all electrical 
apparatus, and continued in that position 
until the time of his death. 


Harry A. Ward (A’35) foreman of generator 
repairs, Interborough Rapid Transit Com- 
pany, New York, N. Y., died recently. 
He was born at New York, N. Y., De- 
cember 38, 1886, and educated there. 
From 1901 to 1903 he was employed by 
the Charles A. Borne Company, on motor 
and generator repairs, and during the next 
two years by the Westinghouse Electric and 
Manufacturing Company, on construction 
of a-c generators. He had been with the 
Interborough Rapid Transit Company since 
1905, becoming assistant foreman of arma- 
ture repairs in 1915, and foreman of genera- 
tor repairs in 1932. 
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Recommended for Transfer 


The board of examiners, at its meeting on April 
17, 1941, recommended the following members for 
transfer to the grade of membership indicated. 
Any objection to these transfers should be filed at 
once with the national secretary. 


To Grade of Fellow 


Hibshman, N. S., associate professor of electrical 
engineering, Lehigh University, Bethlehem, Pa. 

Hudson, Ralph G., professor of electrical engineer- 
ing, Massachusetts Institute of Technology, 
Cambridge, Mass. : 
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4 to Grade of Fellow 


To Grade of Member 


Birchard, W. E., electrical engineer, General Elec- 

_ tric Company, Pittsfield, Mass. 

Bodine, H. Keith, assistant chief draftsman, 
Philadelphia Electric Company, Philadelphia, 


Pa. 

Curtis, Hubert C., president, The Curtis Develop- 
ment and Manufacturing Company, Mil- 
waukee, Wis. 

Dalgleish, R. H., chief engineer, Capital Transit 
Company, Washington, D. C. 

Ekvall, H. N., engineer, Philadelphia Electric 
Company, Philadelphia, Pa. 

Jones, F. S., chief engineer, Socony Vacuum Oil 
Company, Inc., Boston, Mass. 

Langguth, P. O., assistant manager, Westinghouse 
Electric and Manufacturing Company, East 

_ Pittsburgh, Pa. 

Lingal, H. J., engineer, Westinghouse Electric 
and Manufacturing Company, East Pitts- 
burgh, Pa. 

Lovelace, C. K., chief electrician, Oklahoma Gas 
and Electric Company, Enid, Okla. 

Manspeaker, E. D., sales engineer, General Electric 
Company, Jackson, Mich, 

Metz, H. E., electrical engineer, Landers, Frary 
aud Clark, New Britain, Conn. 

Oliver, J. H., assistant managing engineer, General 
Electric Company, Philadelphia, Pa. 

Reeves, H. J., consulting engineer, H. Jack Reeves, 
Spokane, Wash. 

Rittenhouse, L. H., professor in charge of engineer- 
ing, Haverford College, Haverford, Pa. 

Rudrow, R. G., electrical engineer, Atlas Powder 
Company, Wilmington, Del. 

Schmidt, W. C., transmission line engineer, Com- 
oe and Southern Corporation, Jackson, 
Mich. 

Shawver, J. W., assistant superintendent, Oklahoma 
Gas and Electric Company, Oklahoma City. 

Swiedom, K. L., relay engineer, West Texas Utili- 
ties Company, Abilene, Tex. 

Ziev, Meyer, assistant electrical engineer, United 
States Navy Yard, Philadelphia, Pa. 


19 to Grade of Member 


Applications for Election 


Applications have been received at headquarters 
from the following candidates for election to mem- 
bership in the Institute. Names of applicants in 
the United States and Canada are arranged by 
geographical Districts. If the applicant has ap- 
plied for direct admission to a grade higher than 
Associate, the grade follows immediately after the 
name. Any member objecting to the election of 
any of these candidates should so inform the na- 
tional secretary before May 31, 1941, or July 31, 
1941 if the applicant resides outside of the United 
States or Canada. 


United States and Canada 


1. NortH EASTERN 


Amato, J. P., Hartford Electric Light Company, 
Hartford, Conn. 

Cramer, T. A., General Electric Company, Sche- 
nectady, N. Y. 

Crosby, S. P., General Electric Company, Lynn 
Mass. . 

Emigh, W. F., General Electric Company, Lynn, 
Mass. 

Erskine, H. E. (Member), United States Govern- 
ment, Fort Devens, Mass. (re-election). 

Kaufmann, R. H. (Member), General Electric Com 
pany, Schenectady, N. Y. 

Klodinski, E. J., Eastman 
Rochester, N. Y. 

Lees, W. J., Eastman Kodak Company, Rochester, 
NY. 


Kodak Company, 


Lind, O. Ie Norton Company, Worcester, Mass. 
Mansur, R. L., Westinghouse Electric and Manu- 
facturing Company, Boston, Mass. 

Miller, J. G. (Member), Zone Constructing Quarter- 
master Army Base, Boston, Mass. : 
Powers, H. B., General Electric Company, Sche 

nectady, N. Y. — : 
Rich, T. A., General Electric Company, Schenec- 
tady, N. Y. 


2. MippLe EASTERN 


Allison, A. J., General Electric Company, Phila- 
delphia, Pa. ‘ ; 

Beall, B. S., III, General Electric Company, Phila 
delphia, Pa. ; 4 ‘ 

Bibbs, J. C., Jr., Westinghouse Electric and Manu- 
facturing Company, East Pittsburgh, bays 

Bigelow, W. B. (Member), Rural Electrification 
Administration, Washington, D. C. ; 

Black, C. H., General Electric Company, Philadel- 
phia, Pa. ; 

Grasser, L. G., Electric Storage Battery Company, 
Cleveland, Ohio. , pi 

Hoskinson, J. F., B. F. Goodrich Company, Akron, 
Ohio. 
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Jarcho, H. G., War Department, Aber ing 
ead, taal p ' deen Proving 

Ladenheim, E, L., United States Navy, Naval 
Academy, Annapolis, Md. 

Loftheim, K, J., Babcock and Wilcox Company, 
_ Barberton, Ohio. 

Moir, G. R., Babcock and Wilcox Company, Bar- 
berton, Ohio. 

Moosmann, H. #., General Electric Company, 

_ Erie, Pa. 

Simons, S., Ordnance Department, United States 

i Army, Aberdeen Proving Ground, Md. 

Stephan, R. E., Dravo Corporation, Neville Island, 
Pittsburgh, Pa, 

Wallace, J, M,, Westinghouse Electric and Manu- 
facturing Company, East Pittsburgh, Pa. 


3. New York City 


Bode, H. W. (Member), Bell Telephone Labora- 
tories, Incorporated, New York, N. Y. 
Crosby, W. L., Consolidated Edison Company of 
_ New York, Incorporated, New York, N. Y. 
Dite, W., Signal Corps Laboratory, Fort Mon- 
_ mouth, Red Bank, N, J. 
Kimmel, J., United States Army Signal Corps, 
_ Army Base, Brooklyn, N, Y. 
Kingsbury, J. W., American Telephone and Tele- 
graph Company, New York, N. Y, 
Kunz, C. (Member), M. W. Kellogg Company, 
New York, N. Y. 
Leek, F. L., Federal Shipbuilding and Drydock 
Company, Kearny, N. J. 
Lester, P. S., Long Island State Park Commission, 
Wantagh, L. I., N. Y. 
Lincoln, B. S. (Fellow), consulting engineer, New 
York, N. Y. (re-election). 
Merrell, EK. J., Phelps Dodge Copper Products 
_ Corporation, Yonkers, N. Y. 
Nilan, J. J., Jr., Westchester Lighting Company, 
Mt. Vernon, N. Y. 
Nill, E. P., Consolidated Edison Company of New 
York, Incorporated, New York, N. Y. 
Pastorinsky, H., War Department, New York 
eae Corps, Procurement District, Brooklyn, 


Reiner, J. D., New York and Queens Electric Light 
and Power Company, Flushing, L. I., N. Y. 

Romnes, H. I., American Telephone and Telegraph 
Company, New York, N. Y. 

Sigman, G. H., New York and Queens Electric 
Light and Power Company, Flushing, N. Y. 

Zwick, G., United States Navy Department, New 
York,.N. Y. 


4. SOUTHERN 


Charles, M. C. (Member), Tennessee Valley 
Authority, Chattanooga, Tenn. 

Fraser, J. W. (Fellow), J. W. Fraser and Company 
Charlotte, N. C. (re-election). 

Smith, R. L., Florida Power and Light Company, 
Miami, Fla. 

Stroud, W. D., Okonite Company, New Orleans, La. 


5. GREAT LAKES 


Bowen, G. W., Central Illinois Light Company, 
Peoria, Ill. 

Bush, C. R. (Member), Central Illinois Light Com- 
pany, Peoria, Ill. 

Heiney, C. H., General Electric Company, Jackson, 
Mich. 

Holz, G. W., Lindberg Engineering Company, 
Chicago, Il. 

Johnson, M. E., 819 North Marshall Street, Mil- 
waukee, Wis. 

Killin, A. M. (Member), Union Carbide Company, 
Sault Ste. Marie, Mich. 

Mackie, F. D., Madison Gas and Electric Com- 
pany, Madison, Wis. 

Nottingham, F. O., Jr. (Member), Purdue Univer- 
sity, West Lafayette, Ind. 

Peasley, F. S., Stone and Webster Engineering 
Company, Chicago, III. 

Schlotterback, E. M., Central Illinois Light Com- 
pany, Peoria, Ill. 

Teach, C. L., Central Illinois Light Company, 
Peoria, Ill. 

7. SoutrH West 

Anderson, J. B., Public Service Company of Okla- 
homa, Tulsa, Okla. 

Arnold, E. P., Western Union Telegraph Company, 
Dallas, Texas. 
Buell, C. L., Western Union Telegraph Company, 
Dallas, Texas. j 
Carpenter, H., Ebasco Services, 
Dallas, Texas. 

Denison, H. M., Kansas Gas and Electric Com- 
pany, Wichita, Kans. 

Duncan, R. J., Western Union Telegraph Com- 
pany, Dallas, Texas. ; 

Grandfield, V. O., Kansas Gas and Electric Com- 
pany, Wichita, Kans. ' 

Johnson, F. K. L., Curtiss-Wright Corporation, 

i Robertson, Missouri. 

Kantenberger, W. J. (Member), 740 South Hamp 
ton Road, Dallas, Texas. 

Matson, C. E., Kansas Gas and Electric Company, 
Wichita, Kansas. 

McBrayer, C., Signal Office, 8th Corps Area, Fort 
Sam Houston, Texas 

Moody, A. F., Western Union Telegraph Com- 
pany, Dallas, Texas. 

Moore, J. C., Western Union Telegraph Company, 
Dallas, Texas. 

Seribner, G. R., Southwestern Bell 
Company, Kansas City, Mo. 


Incorporated, 


Telephone 
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8. Paciric 


Baldwin, A. T., Southern California Edison Com- 

_ pany Limited, Los Angeles, Calif. 

Karl, W. S., Lockheed Aircraft Corporation, Bur- 
bank, Calif, 

Grosch, J. G., 311th Signal Aviation Company, 
March Field, Calif, 

Kelly, E, L. (Member), Bethlehem Steel Company 
San Francisco, Calif, ; 

Kloski, L. A., Navy Yard, Mare Island, California. 
Osteen, W. C., Southern California Edison Com- 
pany, Limited, North Long Beach, Calif. 
Rollins, C. A,, Ferguson and Carollo, Phoenix, 

Arizona, 
Seemann, R, E., United States Navy, Bethlehem 
Steel Company, Shipbuilding Office, San Fran- 
_ cisco, Calif, 
Speir, F. H., Pacific Gas and Electric Company, 
Emeryville, California, 
Weck, W. C., Jr., Navy Yard, Mare Island, Calif. 
Williams, I, A., Cutler-Hammer, Incorporated, 
_ San Francisco, Calif, 
Wright, E, E., Navy Yard, Mare Island, California 


9, Norru West 


Duffy, M. D., Northwestern Electric Company, 
Portland, Oregon. 

Gardiner, F, E,, Mountain States Telephone and 
Telegraph Company, Butte, Montana. 

Herman, C. J. (Member), Mountain States Tele- 
phone and Telegraph Company, Helena, 
Montana, 

Hill, C. C. (Member), Mountain States Telephone 
and Telegraph Company, Helena, Montana, 

Karns, I. H. (Member), United States Department 
of Interior, Billings, Montana. 

Tellwright, F. D., Pacific Telephone and Tele- 
graph Company, Portland, Oregon. 


10. CANADA 


Cory, S. A., Small Electric Motors Limited, Lea- 
side, Toronto, 

Evans, T. O., Montreal Island Power Company, 
St. Vincent de Paul, Quebec. 

Flannery, D. T. (Member), Hydro-Electric Power 
Commission of Ontario, Toronto (re-election). 

Franks, N., Canadian General Electric Company, 
Limited, Toronto, Ont. 

Hughes, T. J., Allied Brass, P. O. Box 300, Place 
d’armes, Montreal. 

McQuarrie, A. M., Canadian General Electric 
Company Limited, Peterborough, Ontario. 


Total, United States and Canada, 94 


Elsewhere 


Beard, J. R. (Fellow), Merz and McLellan, Mil- 
burn, Esher, Surrey, England. 

Glasser, O. J., United States Army, Signal Com- 
pany Aircraft Warning, Fort Buchanan, Puerto 
Rico. 

Hall, R. D. (Member), Vogue Theatres, Kings- 
wood, South Australia. 

Hunter, C. D., United States Navy, Submarine 
Base, Coco Solo, C. Z. 

Koh, N. P. (Member), Hong Kong University, 
Hong Kong, China. 

Narayanlal, R., Government Workshop Technical 
Institute, Dehri, India. 


Total, elsewhere, 6 


Addresses Wanted 


A list of members whose mail has been returned 
by the postal authorities is given below, with the 
addresses as they now appear on the Institute 
record. Any member knowing of corrections to 
these addresses will kindly communicate them at 
once to the office of the secretary at 33 West 39th 
St., New York, N. Y. 


Andriessen, Rienk, 54 Division St., Schenectady, 
Noy 


Bedford, P. L., 625 W. Arlington St., Chicago, 
Ill. 

Bluethental, Herbert, Jr., 
Wilmington, Del. 
Brown, Charles A., 14631 Valerio St., Van Nuys, 

Calif. 
Clinchard, W. C., Jr., Fajardo Sugar Co., Fajardo, 
PR 


902 Concord Ave., 


Cox, Irwin W., 924 E. Wells, Milwaukee, Wis. 

Di Addario, Thomas, 3110 Wisteria Ave., Balti- 
more, Md. 

Ernestus, A. W., 137 S. 15th St., Allentown, Pa. 

Freed, John H., Olson Construction Co., 410 W. 
7th St., Lincoln, Nebr. 

Gregory, Herbert Scott, Y. M. C. A., Schenectady, 
Ne Y 


Kaylin, Rubin Robert, 930 Lenox Road, Brooklyn, 
N. Y. 
Keller, Ernest Lee, 1303 E. 8th St., Anderson, Ind. 


Klatte, A. J., 5505 Agatite Ave., Chicago, IIl. 
Kryder, Paul A., 1527 North 52nd, Milwaukee, 


Wis. 

Lancaster, Eugene L., Jr., 646 N. Congress, Jack- 
son, Miss. 

Martinez, Joseph D., 550 Florence Ave., Downey, 
Calif. 

Myers, W. H., 505 West Seaside, Long Beach, 
Calif. 


Phillips, C. Vernon, 1019 Humboldt St., Man- 
hattan, Kans. ; f 
Radcliffe, J. H., 334 Reid St., Peterboro, Ont., Can. 


19 Addresses Wanted 


bo 


Recent Section Meetings 3 : 


Topic and Activity 


Attendance 


Section Date Speaker 
Akrongpey retin caleits(eisie-cness 3/11 Ale akon Ea Sibila Un OfAETON: caer cei ait einen nce “Surface Hardening by Induction”’; dinner and motion pictures. ae 68 
UA SIZOM a tere crore ae) ate aoe 3/22/41...Mrs. E. W. Rockwell, Lockheed Aircraft Co...... “Application of Electricity in the Airplane Industry”; organi-.... 41 
zation meeting; election of officers 
Bostouenrme rere cfeicise: 3/11/41..-M. Ey Strieby, A.T-&T. Co... 2. ee ese ees “‘Wire Line Network for Television’; dinner............+....+-. 113 
3/ 8/41...Harlow Shapley, Harvard Astronomical Lab.....‘‘Comets’’........... 0226s eee e tenn e cece ene eee eee eee nnes 126 
Cent, Indiana... .!.. sre S/18/41 ee. By Hobsony WE c&) Ma iComun.ai sees so) De Application of Capacitors,” illustrated.............-.-+++. 45 
@incinnatien sie. acters D/G/AN rent Cola md COO Sr iteiriete veld eneue: terete it relates “Rearmament Program”’........ Doe e eee ete nena es pete e encase 490 
3/19/41...C. F. Wagner, W.E.&M. Co......---.+--2+e1es “Mechanical Analogy of Transmission Line Surges’; dinner ...... 80 
Lieut, York, Cincinnati Police Dept............. “Safety on the Highway”’ ’ 
Cleveland tn y.ce. secure. 3/ 4/41...H. B. Osborn, Jr., Ohio Crankshaft Co.,........ “Case Hardening by High-Frequency Induction”; technical.... 76 
group mtg.; inspection trip through plant ; 
3/20/41,..H. C. Koenig, Elec. Testing Labs. Inc..,........‘‘Uncommon Tests of Common Devices’’; dinner sae suelo eens 131 
4/ 1/41..>W. I. Senger, Gisholt Machine Co............... “Dynamic Balancing Machines’; technical session meeting....... 87 
DION VERE Ar trae raratscatelteis coasters 3/28/41...W. R. Young, U. S. Bur. Reclamation,.......... “Aspects of the Central Valley Project” 0. 22 0) spo. sas wets else 42 
Waste len yaa cease ataces © BVA ES \Oo Ns OGL WARE too do nenn gan pound na IAs Si hy in National Welfare’ dinners: + osuir snicrerlos eres 55 
1 Die ay Sn BOAO CORIO 3/18/41...T. F. Perkinson, Gen. Elec. Co..............:.. “Some Aspects of Railroad Electrification’’...............-++-+. 12 
PF Lorid QWicrisiccissis es e104 YT OCA 8 5c dokiG old > Gotrooltio PUNO On ato Eoin On ola oraan.c a4 Annual convention of Florida Engg. Society.............+++5+-0% 158 
GOL SIG tens cce seve ts sce aon se 3/10/41...J. O’D. Shepherd, Southern Bell Tel. Co......... Discussion following luncheon and films..............s+.:+0«-0% 45 
3/18/41)... .C. A. Powel, W.E.&M. Co.o.. cee eee eens Discussion of new devices and methods in defense work.......... 35 
HLOUStON rarities Fevdoe See 3/13/41...J. L. Hamilton, vice-pres., South West Dist..... . Executive committee dinner, .7 a nceie ete tein are ier et eee 15 
BVAU UEDA G olf On IRAnabeley Uhns cal GK Oo hee gone yg ice any O10 orea Ol The Artificial’ Creation or SPEeClis en varies crete miata alcie i) eee einai 1,600 
Towa dese haccste ciao 3/26/41...R. Le Witzke, W.E.&M. (Co... ce. ewe ee ““A Visual Demonstration of Transient Phenomena’; joint.... 135 
meeting with U. of Iowa Branch 
4/ 2/41,..Lt. Col, E. D. Cameron, Jr., 7th Corps Area... ..‘‘Signal Communications in the Army’’; joint with Iowa State.... 125 
Coll. Branch 
KANSAS) ClUviy amie ries S/o Aileen, Om Perrine rac: Scie CO -ty /aneiousieraraant ro oriotatece “The Artificial Creation of Speech’; exec. com. dinner meeting.... 850 
HCOSLANZCIES She wie Galeries 3/11/41...N. B. Hinson, A. A. Kroneberg, H. A. Lott,...“Interconnections Between Elec. Utility Systems in Southern.... 165 
Southern Calif. Edison Co. Ltd. Calif.” 
J. Marshal, student, U. So. Calif....-.. sas. -.-.- “Vellowstone National Park’’ 
S. Gally, student, Calif, Inst, of Mechs. chins “History of Land Occupied by City of Pasadena and CIT” 
Wowisville teen verevetoncs eters) 2/4 rere Neg hee WW Ca Very Wilkos dc Mie OOn reer ricnenctste stent are ‘Tadustry sm Defense”, - iv dsa hs cen ee ee ee 24 
Mia disoreniieniselaieteiieitc/ 10a Lares bce 2 wOLy kittie Can VaDOLatory:.sasislsisiayiel< > “Tmage Kormation! by lectrons ae. cates o aus aletereeiel as otetelel ene 300 
3/29/44 Wie sOorenseny pres, (ALOU ys mace seme SOM IPILLEOLIM LELOLIZOMNSy, IuLUAAL edd a nie era eeere) eae oat eee 49 
IMransfieldiee ve ccisstinss, 0 3/14/41...C. J. Phillips, Corning Glass Works............. “Modern Miraclesin Glass? * illustrated: «occ seiistets esie/s sie aaleisie ee 52 
3/20/41 e Ka Wap tleny: Weld: cca, COvi ae demas eteis e/a elses = “Mechanical Analogy of Transmission-Line Surges’”............. 76 
Wary land oo ctecosetems) cee WAT WA GAS Se |e enc nic, coi Re Mh nutelaa en eect Or nip te Cem aters. Inspection trip to Boys’ Vocational School, ,.:4..2.........2..s+5 52 
3/17/41...F. M. Herring, Baltimore Transit Co........... “Electric Overhead Switches for Trackless Trolleys’”’............. 132 
O. E. Kirchner, American Airlines, Inc........... “Operation of Commercial Airlines’’; dinner and motion pictures 
Memphis iow 6 5.06 ae-a0s occ 3/18/41...C. L. Allday, Vocational School for Nat. Def....‘‘Work Being Done for Promotion of National Defense’’......... 44 
CPEWie Penry;, Gai eis train lerenotogeutpenclone peatel cs aeseasye “Value of Airplanes and Trained Personnel” 
MEIC amie setts sicetteusicra iene CYA AI. § NOS 1, Wiepotios WWI Gra, (Senco ucuandinn ucodu “Traveling Waves in Transmission Systems’’; dinner............. 200 
IMilwattkee sc cnc catsis sitet: 3/29/4leaw RR. Wie Sorensen, pres.,, ATE anti oe 3 sete es “Engineering Horizons, Limited”’ 
A/S) Al eA ©) ELanseny Wi) Ole WASCOUSIN alse) +s a gis as SACOM SMASHEE. sin.<, 8st shake sam ialh pee aoa tae eee ek ee en ee 85 
IMMINTIESOCA Seni heel costes eciaes 8/ 3/41...A. G. Gutteridge, Melbourne, Australia......... “Description of Industrial Development in Australia’”’ 100 
IWeeAcHManleyser limbs llvyaC Om emir entiarscninnicn yee “National Defense From an Engineer’s Viewpoint” 
Sidi Al aR We SOLensen, .pres., ATE 2, cece. sick cies “Engineering, Horizons, Limited’ ia,.5.5 os a cette seer eee 60 
4} 1/41....A. C. Monteith, W.E.&M.Co...........0.......  Lrends in Electrical Apparatus Development”, ./....5.:...2.5.- 47 
IMontanary a. wees. ce cies 3/24 Adie eo Wie SOLEHSEM  SPLeS eA UUEY Ene sc as ran one “Engineering Horizons: Limited sen...) so. estencce eC eee 40 
Muscle’ Shoalsi...c.< 2: «2 2/14/41...W. E. Comb, Electro Metallurgical Co........... Serrostleon Nak ark eae on a.4 ect oeeera tence ie ee eRe 30 
S/1A Ala Mie Kee irycitty @hasw dee Vial iy tlc pee eee ein iienin oe “Watts Bar Steam Plant pesees Bio) Maile, el aceoeteel= ik yjate see ener 42 
ING Mex. Wi.) Lexas.......-- 3/ 6/41...R. B. Bonney, Mountain States Wel. & Well Co... Research aim fcrtiOUs sp CiIgeL seis cee ieiae alee eens 20 
4/ 1/41...J. L. Hamilton, vice-pres., South West Dist.. . ‘Engineering—Past, Present, and Future’; dinner. ; om 22 
News Orleans arr ciicr 2/28/41...F, M. Clark, G.E. Co.. DUD ONG Dia Gua D en tines “Limitations for the Successful Use of Commercial Dielectrics” 53 
Niagara Frontier........ 3/21/41...E. H. Roy, Station WEEN ne ee oe “Facsimile Transmission”; dinner meeting...................... 52 
Oklahoma City, acces. S/LL/Alp eae On berbine pA :ocu. | CONse « aan aricven einer sienae 2 Ddhe-Artifierall Creation of Speech” 2... seme iid ete eee 1,875 
S/o Ale Ron Wer SOLeNSen pres. AL Hy Een im iselerieieel sae ele Brief ‘talkie A apeevsts, ater oa aay vain) area conse RRS coe ee mee 131 
M. H. Cook, Western Elec. Co..................‘‘Manufacture of the Combined Telephone Set”’ 
Philadelphia Aas ORE Oe SYM ALE Wie Coa LO wil, GE COwn a. Revi oniorains ous ictemeuue te see WhatisNewsn Lighting”... 10a tutes oben aatonmiaeicl alee acters oer 510 
IPIttSb ung hopmiser rt ett 2/25/41...Lt. Com. J. P, Thew, General Motors Corp Phe Submarine’’; dinner; motion pictures; joint with elec. sec.,.... 450 
ESWP 
3/11/41...J. B. Hodtum, Allis-Chalmers Mfg. Co........ “Power-Factor Testing of Transformer Insulation’’; joint with.... 118 
elec. sec., ESWP 
3/20/41 7. -E. D; Youmans, Okonite Cov.) ..5..1..-+..5.:.-. Developments in Rubber Insulation’) see. oss ns eee eel eee 136 
Portianden sees nine 2/2 0//2le es Peterson, CcontroliCorp.s “Demonstration and discussion of problems of remote control.... 75 
and telemetering; trans. and dis. com. group meeting 
Bit / Lila Ren Wir SOrensel. press, Alba... aden see. ais *<“Bogineerin gs borizons,, Limited in...) tee aie ae eee ee 77 
O/20/ Alene Leo einith  Paciic hel sic lelsiCOo.n nein “The Transmission Phases of Exchange Plant Design’’; com- 23 
F munication com. group meeting 
Providence ice asieccai<c is 1/14/41...H. C. Drake, Sperry Products mince tren “Flash Butt Welding of Rails’’; slides and motion pictures......, 25 
2/ 4/41...F. W. Bush, Allis-Chalmers Mfg. Co.............“*Trends in the Design of Modern Power Transformers’”’......... 75 
yee as ae aie 1285 ze oo Pa Aes eo Institute activities 
3 ...Capt. C. H. J. Keppler, U.S.N..................“Types and Organization of U. S. Ships’’: i 5 
Suetouis 4 tie et: BY 6/41 0s On Perrine 4A J) Sh Cala me ae ee “phe Artificial Creation of Spacek” es 2 ate 
San Antonio. <6 oc c.s oss 2) 20i/Adae Gu Ee Hicks, Lower Colorado River Authority. .. “Carrier Relaying on Lower Colo. High Line Transmission? ; : i ; ; 60 
3/14/41...J. L. Hamilton, vice-pres., South West Dist..... .‘‘Engineering—Past, Present, and Future”’................... 50 
; 3/18/41...J. O. Perrine, A.T.&T. Co.. ova ope “The Artificial Creation of Specchaee nannies a mene 57 
rete Petes Maeiwiche 3/19/41...B. B. Gravitt, G.E. Co.. Wau mageatra cet aes “Electrical Developments in 1940’; motion pictures........... : : 19 
‘ ectadyiaacrm scien: 1/16/41...J. V. B. Duer, Penn. Railsoade sie todo Watokenerer theses “Electricity and Railroads” (technical discussion series)........ 100 
1/24/41...W. A. Hanley, president ASME................ “Wihve National Defense rye cin nem ein nnn aim 25 
2/13/41...H. H. Nugent, Rensselaer Poly. Inst.. xe Dae Bngineeras a Public speaker assem see aerne : 115 
aaa. ee i : ae at ae se and Kelly, Gen. Motors. Corp. ... “Description of the Hydramatic Drive”’ (tech. discussion series)... : 360 
Seattle Brita cain. aisle Greve s ee Fo go ea Bema Crryhr ot Ai PR OU IR eS crt, » Pathology Treatment by Use of X Rays’). 4.,.....,sneene 90 
AD Gry UILEM Ure, cies ihr ctone) weducheciniihe Cae eae ete “History of the Electrocardiograph”’ ; 
ETRE PNICHOIS ten che yh pase oa saascelencesatend eeaeerseee “Development of the X-Ray Tube” 
4 3/18/41...R. W. Sorensen, pres., AIEE * Engineering, Horizons, Limited” ......0....004.. 85 
Sharon's cn cucisuersicielsieneieie 3/11/41...E. O. Altree, G.E. Co.. -s+.s+++++...., ‘Fluorescent Lamp Lighting”: motion pictures................_. A 
OUCH EB em dence one sielelersi 3/20/41...B. Wa idman, U. of Notre Dame! ere pee e yc eo oe of High Voltage to Nucl Physics’; dinner.....,. 
SOO AH AN enh cate 3/14/41...J. D. Booth, W.E.&M. Co.. “p : uclear Physics”; dinner.....,. 57 
‘ower Line (Carrer Communication seen yen oe 41 
Let 3/21/41...R. W. Sorensen, pres., AIEE. we ‘Engineering Horizons Limited”; dinner....................._ 
SpLringheldmereeneraneee 3/10/41...H. J. Holmquest, G.E. X- Ray Corp. “Electrical Tools for the Medical Profe Thee Mig tac kt a0 
ae SEO LOOH OTS B60 ie d A e Mas aye ne esr a 3 “Mechanical Demonstrator of Tiecicce ace “dinner osteke we 
teeter ee ee ee eee sie alley, Babcoc 1lcox ” eas ao 
MOLONt OMA ovate ce 3/14/41 CoC; Rathgeb, Canadian ee en E ; : ; “tet Progress i Steam Generatioulirilltistrated ma fier 400 
Tinlee 37 4/41 OP. i is mportant Electrical Installations Throughout the Dominion’”’ 57 
err te nce piece lle errine, American Tel. & Tel. Co...........‘The Artificial Creation of Speech”............... BS. coe 450 


Institute Activities 


ELECTRICAL ENGINEERING 


Speaker 


Topic and Activity 


Attendance 


east ane F 2/26/41... - Everett Saleen. Cowes so. berm cant. ol, “Measurements in Industry”; joint with Univ. of II, Branch... . 100 
S/li fal bac. Shedd. U-of Ill... a... arin SHS yr “The Proposed Licensing Law for Engineers in Ilinois’,,........ 12 
Vancouver. Rae Snine . .8/19/41...R. W. Sorensen, Pres ALM aap cchan ccs “Engineering Horizons Limited”; dinner,.............,........ 47 
Washington: .c..c: ss. .2. 2/11/41...M. G. Lloyd, National Bureau of Standards. ... . ‘Electric Codes” 
G. F. Daly, Int’l, Business Machines Corp.......‘The Punched Card Method” 
R. L. Palmer, Int'l, Business Machines Corp..... Demonstration of various machines,,................... 0.0... 220 
2/27/41, ..Charles Kerr, Jr., Westinghouse E.&M.Co..... Palroagblectrincation' | os avmtert. 197 airs vale e-c.eo., bil monas oe 78 
3/ 8/41...G. W. Spangler, Washington Terminal Co..... Conducted inspection\tripns Wisvise rn eninus+ or) eehooi esl nen 117 
BAL (Sh ne Pe Dhomasy WBBM. Cosccescc cs. scs.,.... Seaventitred milestone aan imme merc. Ar me, ccna eee Se 300 
ae 8/27/41,..R. G. Slauer, W.E.&M. Co............. mr ent pull itealng toma ope intimate arambeenti cent: octets atts eh a hooy dees, 70 
Ww. Virginia PCS eee 2/14/41,..J. R. Thumm, Owens-Corning Fiberglas Corp Discussion of electrical insulating properties of Fiberglass... eo 26 
WICH taste oh cers. su ce. 2/19/41...8. L. Goldsborough, Westinghouse E.&M. Co “Carrier Current Channels and Their Uses’; illustrated,....,.... 34 
2/28/41...J. O! Perrine, American Tel. & Tel. Co........... “The Artificial Creation of Speech”............ apna encore OT einen 1,035 
3/24/41. ..J. L. Hamilton, vice-pres., South West Dist...... “Engineering—Past, Present, and Future’”’.................+.-. 33 
Worcester.¢ oi cccc cass eke Melo Mable C.F Cov. 5 cndhhccmnk OV ipke cc “The Amplidyne—A New Tool of Many Uses’; dinner,......... 80 
Recent Branch Meetings 
, 
Branch Date Speaker Topic and Activity Attendance 
| Alabama Poly. Inst......... EADY Cyl len 8 Sloe Sane aie i mah ae Business teeny ee. v.Miate Mins ao ea soe UAE So PAA ee 20 
Alabama, Univ. of......... 3/17/41...D. D. Wendel, Alabama Power Co........... “watety in the Hield and Laboratory’. ...4000e..00.sesaceegaé 25 
CH CSE 8 oe rE eared = cel loan poh fe ye Discussion of plans for coming Student Branch convention,...... 38 
Alberta, Univ. of .......... DISSE ee as. BAM AtUGONt onan ceo es es ns eh eakaveaes SREmOveWWeteniUe Ut rion tintin oer ipenne Os te Cen 24 
LORS a ENTE Ba Gs COT gt “Photography”’ ; 
RAOFSL.. Wie RIS. SLUUETE Ss cnet vd sce etbee SRACIONDE IH LORE Yy IGN nat cecal aittere ett art ebay GET Aion 20 
Do CGePETer, StOGENE 6. 5 ck oics ouers wis tial ov acs 070 “Use of Wireless at Sea’”’ 
my POL. cnet, As, Soveinnton. StHUeNnt....ccees-sscedccens LOCK NL OLULSS 5 ech REE to acer minin ctiticcite, ote Le eee 21 
Raa pees) BOUGHT. onc. es cs <a “First Aid to Electrical Shock” 
SES RRS Ris (Sa ir a OI as “The Canmore Mine”’ 
ROPE alehatae Peta ore she G4 eRe Bo his Ie Mie aTeus ow Toese MGOUIGRIDICEURES = ooh wh Titers sted: send ridden ine Suave anetendes sae eR ee 50 
CV NE 8 Reaaee RA SCT IS ACTORS ine le Lac dy ey ee PIC LT TS Oe SV SUGIIUS fr Ache yys cet ig.cocancynge my aitisisuis @ S.akn anal cme TR ee 21 
io. Fiovienbach, Stddent,)... 6s ccs ce we 8 “Selsyn Motors”’ c ns 
PSL Se OOS 2 CORI ot Te CS | iene At eg <a “Television Scanning”’........ Aap sR ea seteta robe rst ew rp avin eae 
f eee OE, SAO OIIES an ede © biewte b/s dia. minuviiers “Airport Construction’; election of officers 
Arkansas, Univ. of......... 3/10/41...J. L. Hamilton, vice-pres., South West Dist... .‘‘Engineering—Past, Present, TIGL ECU re? 2 ten « pacudh isis ee aeeetne tate 36 
ap t2sas,; 8. iy. Johuson, stident.o.2 56.6555 542510s 6 “Power Factor Correction Tense tee ee meres rns eset en ees 16 
Re UIOOEE SUNGEB Es cic ¢ ces nln Gi cisie bes Selvure se “Wave Dotter for Wave Oscilloscope” : 
Ba SNS EIA EERE, So rtte Istoiara coin teon “Commutation as a Designing Problem : 
S/1O/Si oe. Win. DOWNS, StUGENE 6 os. is clsis sysidisisie cece “Fiber Glass Insulation”; motion pictures aly bs enePi a ou Peace ere 16 
AY Aes BES Se RMR SORE ee Cc Lo eRe on A, “High Efficiency Grid Modulation Ba RRA red eer LA eas 21 
Be RIE UMES OL IUCTNEE . Ie vs x els, vin py gisseisi.a v1 aveners “Sodium Vapor Lamps . . 
REP A  okhn tke PME IAT. SUUMCTE. cic cieiss o15 5 5.3 e15'40'0 “Development and Increased Use of the Trolley Bus’ ee seen teens 
Pe Pe ERIE OE ooo eis ra os Gi acs Demonstration and talk on the theory of television transmission 35 
ae A SM. OF. osc 5.5 5: cuss 9 PRS TE. ee, PRSEETl. BEAGER Eon foc min ciaeiecs pie dla a5 aes 5 “Photoelectric Pickup weteees ene eee ee eet e nec erect eny 
<_ PERI RECON So Gh wrk tial aa ore « acca si “Synchronous Ignition System 
Election of officers ¥ 
Brooklyn, Poly. Inst. (E.).. 2/24/41...Capt. W. E. Appleton, U. S. Signal Corps... .‘‘Outline of Signal Corps of U.S. EM rth ge mE eae OIA ee OSE MNS a 
i af PENS rrr Sypicicie rohan. “Geueralimiectric i est ‘Course? fen ac c.s resus @ oisterste artis) venues eintls 5 
SGI IN .,: MIME COM cece ed daoew< 1/28/41...R. O. Brosemer, G.E. ee : ; 
* ‘ , S/T2yAl ote We Lenacgz, Univ. of Cali. osu. cane ose “High Voltage Phenomena”’; visit by Vice-Pres. H.W. Hitchcock.... 38 
3/14/41 i Neal A ape pecteack ie A eae Inspection trip to the Moore Drydock plant in Oakland.......... i 
eine, fs. tie, app eee Rrecotive committee meeting, 620), 5, 0250001 ean seein tee eS 
PEER ae 6 hx om anes kee MRE Fae Eee else pine : t tt 
4/2/41. .20. £. Cone, Pacific Tel..& Tel. Co.. 4. fi5:.5" ot ae Re es Weer er eee nance ee tert en ne teeter eee a 
i Se CathoGesy CCLOl AMALY SIS cert: nies kote punt e)o) iaedisiarenetane ca oe ne Uet ee eats 2 
Clemson Agri. Col.......... 3/13/41... B. Woodward, student... on dc. ne ees cee is atl ees oe 
W. H; Wigiugton, student. .- 5.265.626... Train Automa ic Signaling 
I POLEL 25 IMs bie CHEMMAOM calc pine on ernie nie givin a cha bisisis 9s 0 ite Paes sa Fae cera 3a, RO ena ener eae aan Cant os 
SAT ee ee ee ee eo on eibiomictie ry one ne DICHULER Daehn esata cals take se spins sus uerels scarehigy Creams otleeRee 2% 
lorado State Col. ....... SURES £3 Dae cn ay a arene ae ouptrneenss Motion : st 
eee Univ. of 2/ 5/41...L.M. Robertson, Public Service Co. of Colo... . “Power Systems tee ee eens pone Peete ee eee eet e eee e eee es thee 
” pmaras Oe 2 25/41 Jos9. Perma, Ay el. Coss ens - ite ames Peet The Ariarial Creation On Opeecn 7. minis fa wniebieis acre oiyce diel aie 1,20 
i a 40. Mr Krecreft, N Gea We COLE nme Nhe Selena “The Science Behind the Telephone”......cc00-.c- see ssumenote 54 
oS a ie sealed fete § Wen Pagdin student Oo eR oo A Dre “Operation of Westinghouse Elevators” et Nog bas pees ls 
12/11/40. hs Loughlin, Hazeltine Service Corp......... Pun fied pe ah ae At REE reQuenctes! ts eminni. syacusne = ff 
ay ag FT aes a oe So OE 2 ye tor “Television Fundam PL a RP RR ESI cena exer eh Ee Reet ts ang WER 2 
aie : es ree siggeae 3 ee ane, “The Proposed 300,000-Volt D-C Transmission Line for the.... 35 
9 PSTTO Tag ak Moe Ne pe POI ES ; B 
4 pees 6 Bonneville and Coulee Dam Projects 
ae i Io Seas PGES BST ra ee fehl cc ry trate Rega 36 
2/28/41...S. Deutsch, student.........-... 522s ee eeees ee Motors ie canes: 
Aa th Ie fe) ween reese encase entree ett t este eee e eran seeenes : 
aed: eM COL in ay ee) : Fry Saeed Be Inspection trip, propulsion power equipment of Ind. subway...... As 
ae ee teeta ate oe Fn Discussion of plans for future meetings.............+.¢.0sss00e: 25 
2 opti cere Sod Ui eae a Rhy iain areal aa peda An lle Motion pictures and discussion of future plans...........,...... 24 
EEE SB a SES tae ae ee ealth Edison “Operation of a Large rower system’. ic... ss seaweed an emne 4 
Eas ieee oe aaah ee : oe lions ao han ar net ie Siecistioa of the part of the Signal Corps in army maneuvers,... . 120 
seeee teens a) (ay ak 6 Ok. CAmerets > Shane ee Ses ace 5 TOMER VY Age Sih ities oe rE S7 
ee ae ron “ont eres ..D. J. Blacketer, student..........--+.-+-+- arose #3 Suen “ cpr ts see ae 
: Ieee B. Boyer, student.....--.--.sss essere renes evelop Evae! 
“How Fast Can We Fly 
TALOETIE « oe Gib eels ie ginasieie eyee ole ler A ~ J a”? : 
aera = aeaorsin lg ery OG ee eee Sas, “A Visual Demonstration of Transient Phenomena”......5.:.0.% oy 
rs = ee ere TAROT oe, ga a) aloe Vp) clelaie Pie elipiinanie. sciatee\eueTihbnn o¥ete tb (oie (nL busianelone seit 
4/ 2/41.. ‘E. Es Goss, student...:.....+.:. a. StaileDomer’ 
R. J. Fountain, student........-.-++-+eeeee iagara a hore 
EE Met co Dor preity tre ge a ROL Ne “Radio Advertising ? ¥. ; 
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Recent Branch Meetings (continued) 


Branch Date Speaker Topic and Activity Attendance 
PED Ole we CALd, SUULCONt. cava - (crdmiencielermenene “Blectrical Control of A-C Frequency”’........-.---+eseseeeeeee 15 
seebes ogee sy els Jah ES Ufo yCoay Kyrie RS hea no co olpmeancoih b-pinmnlten|cise ces cond “Summer Work With the American Gas & Elec. Co.” 
Louisiana State Univ....... SYA ly/2 tlic Beko Aer Bor OMS RouMmInIO o ceru RCO Criss Oat Discussion of future plansmercrmee ee sre rkeiree 5 Pantera phos; ies Ae 
YANG i natn Dep OR ROCIO vnc aotend oe Aaa A oan co K Election Of OFCELS ee Ee Toate eho Peeuslencieatith eth o oueaiemar 
Maine, Univ. ofi,........- 3/13/41,..R. E. Baker, Boston & Maine Railroad....... “Air Brakes’... Wie a peccieveiriolt pas) wiaarge hie ste abeiy tue te wa lagy eee 
Manhattan Col. ita.amss © AK Wa ot ove tre) OSCR OF. scr SIDE ROI ame R aa ees Oe Organization meeting ma 
Marquette Univ........... 2/2 Ad wen el, IRASS) SCUGCENt.. rari in suena amnesia aed ra nbits che tain a cio eo Oh Cknnati OGD Ceram apes meta Oto Gni cl Den 
DPE LNOr. Student ese cnt einen cian meneke “The Calculating Board” 
3/27/41...C. G. Miller, Weston Instrument Co.......... “Electrical Indicating Instruments”’ 4 RT EEG a nee a 
Maryland; Univ. of........ 8/12/41...H. Keller, student... 001.6. .e stresses ieee “The Electrical Engineer in National Defense’”’...........---+.>- 5 
Re Critmp,, Stuaent ast timate cee ntemne tare: “Power Rates” ‘ ’ . : 
4/ 2/41...G.L. Davies, Washington Inst.of Technology. . . ‘Instrument Landing of Airplanes’; election of officers.......... 20° 
Michigan Col, of M.&T..... 8/12/41...R. Cronshey, student..........-.+-sseeeeeee “Manufacture of Vacuum Tubes’’,..... ve tie ob 8 0 tp aaa ee 1 
Michigan, Univ. of......... 3/20/41...J. S. Gault, Univ. of Michigan............... “Tnduction Motors—Rotor Bar Currents’’; illustrated. Aen Sopot H 
Mississippi State Col....... 3/11/41...Z. G. Taylor and Mr. Smithley, G. E, Co.....Talkand demonstration onthe development ofthelampindustry.... 3 
Mo. School of M.&M....... 8/15/41...Sargeant Wickham, Mo. State Police......... “State Police Radio System’’. . wena sence e eens nent neers eee e ees 23 
2/12/41...L. L. Crump, James R. Kearney Corp..,.....Various.difficulties encountered in design of elec. apparatus....... 27 
Montana State Col......... PA EE, cut TICINO Ov rigi one Gt Clcahit cei Election of officers. .c06+. 000s o> Ary Lo aid ro Ot s CELE Ue A 30 
MEANY FANS lig letbrbethrey Carole cor oon vod aogpacuone “UNTewaLransformers’’ ssisccsie se ninleleteie al olsht's le. shale sa eset ensie tals Rtm ene mele 27 
AS Dalcerroy Studentincaciem sais ast cictee oe “Santa Fe’s New Freight” 
Te Heber ly, Seudenten, ann) a aeiaeti imandites “Blectric Timing Devices and Corrections” ; 
Nebraska; Univ, Of .......: 8/ 5/41...P. E. Massie, student..... S KL ae aoe “Radio in Field Artillery’; motion pictures..........-.:..-..5-- 438 
8/19/41...H. Bishop, student...... en Rin ee ole we os aN om Signs 5st see aries aun cag ote Sienna aes a i ee 31 
UE DIN poo May Jal hbobbolrds Clabes ihe oto oho ooo eee ~ 4 ’Radiotormthe Weather Mai’ ie. =o otros etree etetere x tenes nc) 
‘Nev., Univ. of. pirgnn 2/27/41. Ke Kenoph, WiB.& My Covjiye ts es es on ce OLMOFeSCeMt Mig tir er aes rare nies etal noi etm oas ode ad el= a) ol fe aueliny ss ita eee 11 
Newark Col. of E nee: RIO LO (wile lire Are CLM SCILCLOL Gee yt cr artayvcper) epsteg tenure aie 5 6 ‘An Electronic Frequency Meter”. 3 c.55.. nc 0a elo atolelae wiplbnte ois aioe 40 
V. Friberg, student..... Ne ey eaters “Vacuum Tube Characteristics With Cathode Ray Oscilloscope” 
M. Bell, student........ Ae __....''Phase Measurement Based on Vacuum Tube Voltmeter Operation”’ 
6/24/40... OC. Oriel, Students icici eee neta iy) haere Le LOMOSp MELE! so since elm’ einjeiele rene dvoiede eVeislsia re 3 Dias) ait aiuele iam ies 29 
F, Slamer, student...... oo. see.......'Saturated Iron-core Reactors” 
SP SERED ACES Canto Kayne or cern Cea coo “The Development of Fluorescent Lighting”’ 
New Mex. State Col........ 3/13/41...A. Westbrook, student, . RES ree Taree id Reaha yb (04 Yciniy het ae Piers he ir PERE itor, oA cc cnc cetse aes ; 12 
S/27 /Aan. . Pierssner, sttident..< 2.4.2 cn a ...ss...,'fA Review of Fluorescent Lamps and Lighting’’............... , 11 
Ei aForris, studernt)5 sa ones arcs we .*'The Petersen Coil’’ 
New Mex., Univ. of........ ANWR EE ee ect, Retry PRE MAR CLERC ROT nae Rep cae Inspection trip to local power plant............ ee en 16 
3/19/41...J. L. Hamilton, vice-pres., South West Dist... .‘‘Engineering—Past, Present, and Future’’..................... 23 
PES Lh RN Ai 8, a obs, OR © de pies cece he , xn Motion, pictures):,.: aang na vea aye aaeteiel eerste se elttes a aire an coe eae ae 16 
Nek, ol. Of City of... Blas y elie nicer GARE Cr aSUTER EM ieessinci es . es Sie sattick Joti are WL OELOM DICER ES cs rote ces so eat one ener an oe sos os Ieee OT Re et 50 
New York Univ.......... 3/ 7/41.. SA Pe Ar A ae MN ae bec... . Blection of Harold Eskin as secretary ..c6 ovcw ss > cite ola na ee aie 22, 
TaN NE EMER cree wis ut AU Nw OY AS ML Navel oR eds. «ie ay nathan ov dhy Bloamapenine Sikes WRC ov. eae Discrssiow: Of fair exhibits: ncccuce see ses + are a i eae ree 2k! 
MD COMUNE OL grea MEN B/G Ae vend seer ole hy atten eta ietins ac eee ac gates PEPE Guek ee taney Business. meeting. ¢c-c.-0 no.ce wc ates ine) ee ee oe ae ore 14 
BY EeU cate ceiehs sathawstboveiel a exe ape cee aa peter ea ev eiouch oueiet rays seers Busitiess meeting joc ons cee's oe oe cereals vale ii eae oe chet: MNS 10 
IWOLUUEEStErM UNIV anion O/LL/SL. Wits Wainbs Sttidenti, «tumtund einols +. wciecionine “Manufactured Switchboards”’............. Pete he ro SO : 20 
O/LS/4L,.cL, Elims, Ohio BrassiCo. neces os aa ye sc ee “Manufacture of Electrical Porcelain’ .0... 2.204 725.26 =+ oe sere 5e 
Notre Dame, Univ. of.,.... 3/ 4/41,...H. L. Olesen, Weston Elec. Instrument Co... .‘‘Six Types of Mechanisms Used in Weston Instruments”’........ Th) 
BD / 20/4; pe oVine beasely, Bendix \Corp.......000- een see «What. Is: Pxpected of an) Kngineer’’ 2). a0 sce ota epeesinioiens meena 33 
Ohio Northern Univ....... 2 Th Se Mle rely sins SRSINO ors Gorse eer hae Le eee ete ee hs aaa setae Quiz: programs oye a:0iecdtis aos3 1s Seem e re O Re Sper haze Ie oe eee 34 
Oklahoma A.&M, Col...... 3/ 3/41...J. O. Perrine, A.T.&T. Co.. sae Lhe Artificial Creation of Speecht?7@ yas. eee ca ae aan ee ee 1,400 
3/22/41...J. L. Hamilton, vice-pres., South West Dist... . . “‘Engineering—Past, Present, and Future”................---«:. 31 
OManoma nO O1y. Olu yuna pyle eu) ais, DVailmer, Stricentermrriieaie «sels aine siceaiaies Topics of general engineering interest.................20..+2+0-: 15 
TsPD Orsete sibs set mestm eh een Mercere hs okce ethane es “Seismograph Work” 
Pratt Inst.. ee HL UL recta co hancrate sey ada a iv eancde ote eu ceo nea epee Reeesee ale mitlenesle Ae Inspection trip to Underwriters’ Labs. Inc.. 4 lees 7 
Rensselaer Poly, Inst. U/l Oe oe eee OUnsona bellihels lsabsi seen irene “Carrier Currents’ Place in Telephony”’; illustrated. Ae eres 38 
2/18/41...J.L. Harvey, New York Power & Light Corp... .‘‘Problems Which Occur in Power Production”.............. = eas 
3/11/41...K, P. Applegate, Hartford Power & Light Co... .‘‘Specifications for Engineering Success”...................- 40 
1, State Col. rr we lO/80/40), nM B. tall, counselors). woos. aa nan cay neste “General Aspects of Frequency Modulation and Television”’.. . 25 
10/20/7400. .Guw. Patten; GE. Cong e.... sa ove Motor Control Relays cy.ar5.5 «ve cystine ie ake eee eee , 25 
WAN Cae 2 E. Secord, WOES Osi Elec. Co., Hades “Problems and Methods of Power Distribution”’............. 28 
2/25/41 SR PRPs eA FM eit A ee hn: Le Re ee. Business: meetings .escc.an Se s,s meee ae A pede ee ee eee : 18 
3/ 4/41...H, C. Rankin, New England Power Co.......‘‘Metering a Billion Dollars Worth of Power’’................. 28 
3/18/41.,.H. A. Baines, Narragansett Elec. Co..........‘'The Unexpected Wants You—Prepare”’................... ; 35 
5: Dak votate Col... 2.68. DUA) MAN Mere, tel asia ete te cies ute ete Centos Aeron aha caters eae ; Blection! of @fiucers:...,.cescisicre ae ais ators ceiere ahe neat enn 15 
So. Calif., Univ. of..... Oy) i Ae Lae WLISOMs BEMenitte: | oaks lenge dec @onG-a a-csedctes coe “Power Factor Measurements by the Vacuum Tube Voltmeter”... 26 
Pee Delskty, StUdent warmest ontarmeie cn: «is itenceie “Flux Patterns by Commutator Investigations” 
EE. Romero, stident: 0c ruoatr a 2 1 '<<n cee wes “Science and Engineering at the Univ. of Southern Calif.” 
Ruled ges etidents. sem seenimeciit.<tisteastro ae “Electrical Method for Automatic Musical Transcription” 
3/18/41...Edwin Morris, Westinghouse E.&M. Co...... “Industrial Electronic Applications in Los Angeles’”’.............. 26 
Stanford Univ... ‘ 4/ 3/41.,.C. Kresser, W.E.&M., Co.... *“Tgnitron Rectifiers’. as oe Gicuistie sine oe eee ee ee ‘ 7 30 
Syracuse Univ... 1/18/41...L. F. Polisse, student... ; ... ‘New York Central Railroad’s Automatic Train Control’’....._.. 14 
3/15/41...A. Wolfe, student...... aoa? . "Key. WestsHavana Cabler! 7... ieneee eeeeae A 12, 
3/22/41...C. W. Perry, student.... Sahn .“Optimum Voltages for Airplanes’”.......... 12 
R. Reinnagel, student... . : ‘History of Engineering”’ 
3/29/41...1. M. Laurien, student... ’ res Sn “Cy ela tconye 5. lak <5 Seana owe eee ieee a ea 11 
6/4 cine ic Me AMES “SUUGENt cy. eyeetaeaio ese Cem Oe “Electron, Microstope. iiss. steitecis era Sate 12 
Texas Tech. Col.... ; 6/20) Mies Jl La muiton, vice-press, | OUtLM Wiest ASU. sire sieieiesie serciertic + cle: oittee rere encaareneeere areca eine enn 19 
Texas, Univ. of... nna 3/14/41,..J. L. Hamilton, vice-pres., South West Dist... .‘“What AIEE Offers to the Electrical E ngineer’ Snir see 30 
3/16/41...J. C. Perrine, American Tel. & Tel. Co........ “The Artificial Creation of Speech’’. . 5 : Be ae een 276 
Tufts Col.. - 3/27/41...E, W. Davis, Simplex Wire & Cable Co.......‘“What the Engineer Should Know”......................... We 30 
Virginia Poly. Like atache nist YEG kh edaey Cre One Oh txt fare cg teanarese Business meetin geese icite seein 1a ene ee Bore Gt!) 
3/28/41...Mr. Rabb, student... “Trying to Kill Micro-Organisms by the Use of High- Frequency. ty eee 
Electricity”’ 
Washington State Col,. OAD SAL viet ena chat See Bret acy iat : ey . selection of OMGELS 144 er eee ee eee a: esa Siyoyaera ees eae meee te 59 
3/21/41...R. W. Sorensen, pres., AIEE... ; 2) DUeSALE Wand hngineering 1m General, en 55 
; SHAUL tates eet Opec ae steer BUR tind. vis». sO ELECHON TOL OPICERS. 01... ctpusis ier siren ois ccc ate eae ae 60 
Washington Univ.. ea Coin A FEL Vi) Ue iy Be Sasha eee Tur Dv OTHE Oe niet ........ Discussion of final plans for Engineers’ Day Reet) Ain Batre 4 21 
West Virginia Univ.... 3/17/41...Mr. McCarty, student..... ae .........‘Mines and Countermines’’. : Se Urea an Memes, Sk) ci eve 38 
Mr, Reeser, sttident:,.... oes ROAR ee “The Audio Noise of Transformers’ : 
IMG MUG LYFE Sitcom mh aad on Metre rrr “Automatic Control of Aircraft’’ 
Mr. Deegan, student..... é Tote eh wee “Magnetic Pull in Relays” 
3/24/41...Mr. Ferguson, student,...................05 soettect of Hlectric/ Current onm\ic ni ee er 38 
Mr. Linn, student....... Bor aT opeirds fic trac “Hydrogen Cooled Synchronous Converter’ 
Mr. Rogers, CLAUS (Copan Pe a Rane rene Pe Gi) Ata, a,c “High Altitude Speed Test of Interceptor Plane"’ 
] ; Mr. Kelman, Suu eniteme ene »os........The Evolution of Frequency Modulation” 
Wyoming, Univ, of........ LOL YL MN 6 Ase esD bb Gos F CIM K ote eA AS Son coi oem o aoe » Radio) RangesmorsGiiding Aircratta ieee nae 16 
4)p° ° . . . 
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The electric-power industry was termed a 
key industry in national defense by George 
A. Davis, vice-president, Oklahoma Gas and 
Electric Company, in an address at the 
13th annual engineering conference of the 
Missouri Valley Electric Association, of 
which he is president. He said that the 
United States in its present defense effort 
is more dependent on adequate power supply 
than in perhaps any other period of its his- 
tory, and for that reason the electric-power 
industry is vital in national defense. 

“The industry is clearly conscious of its 
responsibility,’’ he declared, ‘“‘and is co- 
operating with the Federal Power Commis- 
sion to determine where additional power 
will be needed. While there are some ap- 
parent disagreements over power needs in 
certain critical areas in 1942, there are two 
important differences between the present 
power-supply situation and that in 1917- 
18.” These, as reported by Electrical World 
are: 


1. In the present situation large additions to ca- 
pacity are already under construction throughout 
the country, whereas in 1917-18 the industry post- 
poned or curtailed construction because of rising 
costs. 


2. Present advanced technical knowledge permits 
the power industry to take full advantage of inter- 
connecting networks, a condition which was im- 
possible in 1917-18. 


ST. LAWRENCE SEAWAY PROJECT DEBATED 


Proponents and opponents of the St. 
Lawrence River Seaway—Power Project are 
debating the advisability of undertaking the 
project at the present time. Approval of 
the project as a national-defense measure 
has been asked by President Roosevelt on 
the basis of an agreement coming under 
the Canadian American Treaty of 1909 and 
therefore requiring only a simple majority 
vote in each house of Congress. 

Opponents of the project point out that 
should a power need develop during the 
national emergency in the area that could 
benefit from the St. Lawrence project, such 
need would have to be met by other means 
because power could not be developed in 
the proposed St. Lawrence plant before 
1945. Therefore undertaking the project 
now would impose an added burden on the 
construction industry without contributing 
anything substantial to the present emer- 
gency. They point out also that no general 
shortage of electric power has been shown, 
and that furthermore modern steam plants 
can produce and deliver energy more eco- 
nomically than hydroelectric plants which 
must deliver their product over long dis- 
tances. Also it is said that the waterway 
would be particularly vulnerable to enemy 
attack, and that therefore the construction 
of ocean-going ships in the Great Lakes 
would not be feasible. 
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Proponents of the project point to the 
advantages of low-cost water transportation 
from the Great Lakes region to the Atlantic, 
and draw a parallel between the present 
situation and the situation existing when the 
Erie Canal was built. They also emphasize 
the advantages of establishing a great ship- 
building industry in the landlocked and 
protected waters of the Great Lakes, 

A lively debate is expected in both houses 
of Congress. 


FEDERAL POWER COMMISSION CITES GAINS IN 
ANNUAL REPORT 


“Adequate and dependable power supply 
to meet the requirements of expanding de- 
fense orders can only be assured through 
careful planning, because it takes from 18 
months to 2 years to construct a steam- 
generating station, and frequently longer 
to build a hydroelectric project,’’ says the 
20th annual report of the Federal Power 
Commission recently issued. Such plan- 
ning has been undertaken, the report adds, 
at the direction of the President and in co- 
operation with the Advisory Commission to 
the Council of National Defense, the Na- 
tional Power Policy Committee, and the 
publicly and privately owned utilities con- 
cerned. 

Foundation of the defense power program, 
the report states, is the National Power 
Survey made by the Commission in 1935 
which was continued by direction of the 
President in March 1938. 

Since June 14, 1940 the Commission has 
been engaged in carrying out the instruc- 
tions of the President in his letter of that 
date, in which he called upon the Commis- 
sion (a) to translate national-defense orders 
into demands for power; (b) to keep check 
on the adequacy of the power supply to 
meet such demands; (c) to keep currently 
informed of the needs of the national-de- 
fense industries; (d) to keep records of the 
orders being placed with the electrical- 
equipment industry for additional capacity 
and the ability to meet such orders; (e) to 
plan, in co-operation with the utility indus- 
try, to meet every power need in the most 
economical manner; and (f) to work out 
plans, in co-operation with the utilities and 
other government agencies, for the protec- 
tion of power supply against hostile acts. 

Concrete examples of the results already 

obtained from defense work are stated in 
the report to be: 
1. Increased generating capacity under construc- 
tion due in part to Commission efforts, evidenced 
by comparison of the 5,500,000 kw under construc- 
tion in 1940 with the 1,600,000 kw under construc- 
tion in 1938; and an accelerated construction sched- 
ule that will put into operation in 1941 a consider- 
able amount of new capacity originally planned for 
installation later. Most notable example of this 
activity is the action initiated by the Commission 
to increase capacity in the TVA area. 


2. Standardization of the sizes, steam pressures, 
and voltages of steam turbine generators among the 
different manufacturers, which was worked out in a 
series of conferences with representatives of the 


electric utilities and the equipment companies. 


3. Preparation of confidential instructions for re- 
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stricted distribution to operating officials for the 
protection of generating plants against sabotage or 
other hostile acts, 


4, Major assistance in the development of mobile 
generating stations and mobile transformer units, 
now being manufactured in commercial quantities, 
which have already proved their worth in emer- 
gency cases, 


5. Investigating and reporting, in co-operation 
with other agencies, on the needs of electrical equip- 
ment and the requirements for priorities where such 
needs exceed the supply. 


6. Definition of areas in the country where the 
power supply is adequate to meet the expanding 
needs of industry, to assist in the location of na- 
tional-defense industries in such areas. 


7. Investigation, in co-operation with the utilities, 
of the feasibility of a giant network of high-capacity 
transmission interconnections tying together the 
major power-market centers of the Eastern indus- 
trial areas. 


8. Assistance to the Army and Navy in securing 
reliable power for their rapidly expanding needs at 
army camps, air bases, navy yards, and torpedo 
stations at reasonable rates. 


POWER PRODUCTION BEGUN AT GRAND 
COULEE 


Power production from two 10,000-kw 
generating units began March 22, 1941, 
from the powerhouse of the Grand Coulee 
project, two years ahead of schedule. These 
generators, which are station-service units, 
are pygmies compared with the 108,000-kw 
units, the first of which is expected to be 
completed in August of this year; another 
is expected to be completed in November, 
and a third early in 1942. 


NEW GENERATOR AT WHEELER DAM 


A fourth 32,400-kw generating unit was 
placed in operation at Wheeler Dam March 
13, bringing the total installed capacity at 
this plant to 129,600 kw. The initial in- 
stallation at this plant when completed in 
1936 consisted of two units; a third was 
placed in operation in January 1941. 
Space has been provided for an ultimate in- 
stallation of eight units. 


Industrial Plant Expansion 


Industrial-plant construction for defense 
purposes now includes 784 plants costing 
$2,138,000,000, according to a recent issue 
of Engineering News Record. This is re- 
garded as a conservative figure because it in- 
cludes only those the financing of which the 
United States or British government have 
had a hand, or for which permission for 
five-year tax amortization has been ob- 
tained. 

The Office of Production Management has 
announced the appointment of a plant-site 
committee headed by Director Nelson of the 
division of purchases. Projects for new 
plants and initial suggestions for site loca- 
tions are made by the Army and Navy, the 
legally authorized contracting agencies. 
In reviewing and approving additional 
plants and facilities the commiteee will give 
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special consideration to needs for expediting 
defense production, associated military fac- 
tors, geographic decentralization of defense 


industries, and employment of available . 


labor. 


SOME CURRENT EXPANSION PROGRAMS 


Some recently reported plant-expansion 
programs related either directly or indirectly 
to the national-defense program are as 
follows: 

Westinghouse Electric and Manufacturing 
Company. A new three-story office build- 
ing and expanded manufacturing facilities 
feature the expansion program of the West- 
inghouse Electric and Manufacturing Com- 
pany’s South Philadelphia works. The 
new building houses the company’s 600 office 
and engineering personnel and is completely 
modern. Its features include continuous- 
strip fluorescent lighting throughout; air 
conditioning; soundproof floors and ceilings; 
and glass-block windows with double-pane 
“islands” of clear glass. The air-condi- 
tioning system includes steam-jet refrigera- 
tion and electrostatic air cleaning. In 
summer, the cooling load will be lessened 
by a two-inch deep ‘‘lake’’ of water on the 
roof which will absorb part of the heat of the 
summer sun and dissipate it by evaporation. 
The lighting system includes some 3,600 
continuous-strip fluorescent fixtures, to- 
taling more than three miles in length and 
consuming approximately 200 kw. Highest 
illumination in the structure is in the 300- 
foot-long engineering drafting room where 
an average level of 50 foot-candles is ob- 
tained; the level in general offices is from 
30 to 35 foot-candles. 

Steam turbines having an aggregate ca- 
pacity exceeding 7,000,000 horsepower are 
being produced in the current program for 
naval vessels at this Westinghouse plant. 
Power-plant and industrial turbines with a 
total capacity of 2,400,000 horsepower also 
are being produced. To carry out this pro- 
gram, the plant is working 24 hours a day 
and the company is spending some $9,000,000 
for new manufacturing shops, machine 
tools, and reorganization of manufacturing 
facilities. The plant extension program, 
begun last fall, is expected to be completed 
in 1941. 


General Electric Company. At the Erie, 
Pa., plant of this company, new facilities are 
being set up in two buildings, one for the 
manufacture of turbines and one for gun 
mounts. Machine work on some of the lathes 
and boring mills needed for this program is 
being done partly in the General Electric 
plant under assignment of the Niles, Ohio, 
Tool Company, which is building the ma- 
chines. 

North American Aviation Corporation. 
At the Dallas, Texas, plant of this company 
a new $7,000,000 plane-assembly plant has 
been built and equipped to turn out more 
than 250 bombers monthly. Adoption of 
new construction routine enabled this 
plant to be completed in 130 days. The 
construction method used in erecting this 
building, which employed prefabricated 
cellular-steel bomb-resisting insulated struc- 
tural units, has proved so satisfactory that 
it is being used in a second plant now being 
constructed at Kansas City, Kans. 

Owens-Corning  Fiberglas Corporation. 
This company has purchased the Lonsdale 
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Company mill in Ashton, R. I., to expand 
the production of Fiberglas. This plant is 
to be adapted for the manufacture of fibrous 
glass that subsequently is woven into all- 
glass tapes and cloths. These are used for 
a variety of purposes, many of them ur- 
gently needed for defense. 

Sprague Specialties Company. New ma- 
chinery has been installed for the production 
of defense products in the company’s second 
factory, acquired several years ago in North 
Adams, Mass. 

B. F. Goodrich Company. A $300,000 
manufacturing plant has been completed at 
Akron, Ohio, by this company for the expan- 
sion of facilities for processing products from 
Koroseal. The new plant will augment 
present production facilities for the treating 
of fabrics and manufacture of cements and 
lacquers, and will initiate production of a 
special film for packaging materials and for 
general industrial use. A substantial part 
of current production is said to be for na- 
tional-defense needs. 


National Roster of Scientific 
and Specialized Personnel 


In about four months, America’s Roster of 
Scientific and Specialized Personnel (HE, 
Dec. ’40, p. 521) has listed and classified a 
total of 150,000 persons, and it is hoped that 
eventually a half million will be included in 
this index of the nation’s scientific and tech- 
nical skill, according to a report in the 
March 29, 1941, issue of Science News Letter. 

Questionnaires have gone to persons en- 
gaged in practically all branches of tech- 
nology and engineering, including the AIEE 
membership. Response to the question- 
naires is said to have been excellent. Among 
the physicists, the first scientific field to be 
canvassed, 75 to 80 per cent of the question- 
naires were put on file after a single mailing 


and one postal card reminder to those whose 
response was somewhat delayed. The classi- 
fication of the personnel answering the 
questionnaire is accomplished by special 
machines by means of which punched cards 
are prepared, the holes punched in the cards 
indicating the various skills possessed by 
the individual. Sorting machines facilitate 
finding the personnel having any given 
training or skills. 

The roster is proving particularly valuable 
in meeting the needs of the defense program 
for personnel having scientific and technical 
abilities. 


National Defense 
a Leading Convention Topic 


Technical and engineering societies are 
making the national-defense program a 
principal topic of discussion at current meet- 
ings and conventions. Three of the most re- 
cent conventions featuring this topic were 
those held by the American Society of Tool 
Engineers, Detroit, Mich., March 25-29; 
American Society of Mechanical Engineers, 
Philadelphia, Pa., April 22-23; and Cham- 
ber of Commerce of the United States, 
Washington, D. C., April 28—May 1. 

Tooling up for defense formed the key- 
note of the Tool Engineers’ convention and 
“education for defense’ the central: theme 
of the accompanying Machine and Tool 
Progress Exhibition. Attendance records 
were said to be broken by both the conven- 
tion and the exhibition. The ASME meet- 
ing consisted primarily of a management 
conference on national defense and featured 
discussions on subcontracting problems, se- 
lection and training of industrial personnel, 
labor problems, and quality control. At 
the Chamber of Commerce meeting, the 
emphasis was on national-defense. issues, 
with discussions relating to natural re- 
sources, labor relations, foreign trade, trans- 


In the large drafting room of the new office building at the Westinghouse Electric and Manu- 
facturing Company's South Philadelphia Works, some 300 engineers and draftsmen work 


under special fluorescent lighting. 
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_ portation, consumer goods, supplies and 


prices, agriculture, insurance, Federal fiscal 
policies, and government regulation. 


Positions to Be Filled 
Through Civil Service Examination 


Notice of the following positions, which 
will be filled through civil service examina- 
tions, is published here as a service to mem- 
bers of the Institute. Application forms 
and full information as to requirements for 
examinations may be obtained from the sec- 
retary of the Board of United States Civil 
Service Examiners at any first- or second- 
class post office, or from the United States 


Civil Service Commission, Washington, 
DG. 
Engineers. On April 7, the United States Civil 


Service Commission announced a new examination 
for engineering positions in the Federal Govern- 
ment. Engineers making application for jobs, 
except those applying in chemistry, metallurgy, 
marine or naval architecture, should now apply 
under the modified terms of the new announcement. 
However, persons who have been rated eligible 
under the examinations announced in 1940 for 
mechanical, aeronautical, civil, or general engineer 
need not file new applications. They will be placed 
on the list of persons eligible for appointment as 
the result of the new examination. The positions 
pay from $2,600 to $5,600 a year. Applications will 
be rated as they are received at the Commission's 
Washington Office until June 30, 1942. Engineers 
qualified in the following specialized fields are par- 
ticularly needed for the National Defense Program 
and are urged to file their applications at once: 
Aeronautical, agricultural (farm machinery), con- 
struction (airports and buildings), heating and 
ventilating, mechanical (industrial production and 
diesel design), ordnance, radio, safety, sanitary 
(especially public health), structural (building 
design), and welding. The duties of these positions 
will include design, construction, and research in 
the various branches of engineering. To qualify for 
the examination, applicants must have completed 
a four-year college course in engineering and have 
had broad and progressive engineering experience. 
In general, this experience should have been of a 
kind which required thorough knowledge of mathe- 
matics, economics, and the physical sciences 
Under certain conditions additional engineering 
experience may be substituted for all or part of the 
education, and approved graduate study may be 
used for the experience requirement. The maxi- 
mum age limit is 60 years. 
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Early Action Expected 
on Commercial Television 


Approval of the modified standards pre- 
sented by the National Television System 
Committee and announcement of the time 
for authorizing commercial television are 
expected as a result of hearings before 
the Federal Communications Commission 
March 20, 21, and 24, 1941. 

The television standards as reported by 
W. R. G. Baker -(A’19), chairman of the 
Committee, at the hearing contained some 
modifications made since they were re- 
ported to the FCC on January 27 (EE, 
March °41, p. 145-7). The number of 
scanning lines in the picture has been in- 
creased from 441 to 525, and the standard 
on synchronization broadened to allow the 
use of several alternative and interchange- 
able types of wave forms and modulation 
methods, until further tests determine the 
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best method. The currently favored value 
of lines for color transmission was also 
modified, being increased from 343 to 375. 
Generally approved by witnesses at the 
hearings, the modified standards are ex- 
pected to be accepted by the FCC as the 
official basis of the art of television. 

Unless the national emergency prevents, 
the date at which commercial licenses will 
be issued is expected to be set for some time 
before the end of the year. General agree- 
ment was reached on proposed rules and 
regulations, except in the matter of the 
minimum number of program hours per 
week to be required in commercial broad- 
casting, for which the Commission sug- 
gested 30 hours and the commercial or- 
ganizations favored from 10 to 15. 


Wire and Cable Manufacturers 
Ask Return of Containers 


Failure of industries to return empty 
shipping reels, spools, and cases in which 
wire and cable are delivered has resulted in 
an acute shortage of such containers which 
is threatening to delay delivery of national- 
defense orders, according to wire and cable 
manufacturers. New containers are not 
available in sufficient quantity for the need. 
Manufacturers are urging immediate return 
of all containers in order that present ship- 
ments may be expedited and time, labor, 
and materials required to build new con- 
tainers may be conserved for defense pur- 
poses. 


Power Facilities in Industry 
Reported by Census Bureau 


A survey of power facilities in American 
industry, recently made public by the 
United States Bureau of the Census, shows 
a continued trend toward further electrifica- 
tion, with an increase in installed electric 
motors of 10,814,584 horsepower, or 30.8 per 
cent since the last similar survey made in 
1929. Total horsepower used in American 
industry is 51,154,523. 

The Census survey shows that 181,000 
out of 183,277 factories now use power, 
in comparison with 193,969 out of 210,959 
in 1929. 

American factories are divided into those 
that have prime movers, and those that 
purchase power. The power-generating 
equipment in the first class amounted to 
21,266,557 horsepower, and the plants 
driven by purchased energy had motor 
capacity for making use of 29,887,966 horse- 
power. Plants which produced their own 
energy showed a gain in power of 5.5 per 
cent in ten years while installed motors 
in those plants which buy energy increased 
31.2 per cent. , 

The greatest gain in prime-mover in- 
stallation was reported for steam turbines 
which increased by 3,564,826 horsepower, 
or 46.1 percent. Steam-engine installation 
in these establishments decreased by 
3,066,675 horsepower, or 31.9 per cent. 
Internal combustion engines increased by 
568,958 horsepower or 46.1 per cent, and 
hydro-turbines and water wheels showed an 
increase of only 2.9per cent. Factories having 
their own power plants reported as ordi- 
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narily idle 1,996,753 horsepower, indicating 
19,269,804 horsepower actively in use, 65.6 
per cent of which is used to drive electric 
generators. The kilowatt rating of elec- 
tric generators in these establishments 
totaled 9,674,934, as against 7,793,875 kilo- 
watts in 1929. Seventy per cent of these 
generators, as measured in kilowatt ratings, 
were driven by steam turbines. 

The factories which purchased energy 
used a total of 45,040,866,703 kilowatt 
hours during the year, compared with 
37,393, 833,046 ten years ago, 


RCA to Build Radio 


Research Laboratories 


One of the largest radio research labora- 
tories ever constructed will be built by the 
Radio Corporation of America at Princeton, 
N. J., David Sarnoff (M’23), president of 
RCA announced recently. The building, 
which will be called ‘‘RCA Laboratories”, 
will be headquarters for all research and 
original development work of RCA and 
for its patent and licensing activities. 

The purpose of the new laboratories, ac- 
cording to announcement, is to promote the 
growth of radio as an art and industry, to 
meet the needs of national defense, and to 
develop new products which may supply 
post-war employment. 

Otto S. Schairer (M’13) now vice-presi- 
dent in charge of RCA’s patent department, 
will be vice-president in charge of RCA 
Laboratories, which are to include the patent 
department. Ralph R. Beal, research 
director, will have charge of research and 
original development, and Doctor C. B. 
Jolliffe (M’34) is to be chief engineer. 


George Westinghouse Scholarships In- 
creased. The scholarship value of the 
fourth annual George Westinghouse ‘‘work- 
learn’’ scholarship has been increased by 
$420, the Westinghouse Electric and 
Manufacturing Company and the Carnegie 
Institute of Technology announced re- 
cently. The ten five-year scholarships, 
which will be awarded to _ high-school 
students on the basis of competitive ex- 
aminations, personality, and character, will 
total $3,420 this year. The participants 
will obtain practical experience in Westing- 
house plants during five summer vacations 
and two college semesters, and will com- 
plete eight semesters of college class work 
at Carnegie. This co-operative educational 
program was instituted in 1938. When in 
complete operation, it will include 50 func- 
tioning scholarships, with 10 scholarships 
expiring and being given to new men each 
summer. 


NBC San Francisco Building Under Way. 
Actual construction was begun during 
April on the National Broadcasting Com- 
pany’s projected ‘‘million-dollar building”’ 
to house stations KGO and KPO in San 
Francisco, Calif. O. B. Hanson, vice- 
president and chief engineer of NBC, ar- 
rived in San Francisco April 4 to give final 
official sanction to plans for the building. 
Ground was broken November 14, 1940, and 
the construction is expected to occupy about 
ten months. 
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“America’s Factories”. ‘‘America’s Fac- 
tories’, the 55th in a series of pamphlets 
published by the Public Affairs Committee 
under the editorship of Maxwell S. Stewart, 
presents a survey of factory growth during 
the last four decades, which shows an in- 
crease in manufacturing output of 276 per 
cent from 1899 to 1937. According to the 
pamphlet, the possibilities for expanding 
America’s manufacturing industries for de- 
fense are very favorable, since the automo- 
bile industry which is particularly adapt- 
able for defense requirements, and the 
machinery and chemical industries, also 
vital for defense, showed the most striking 
gains. Copies may be obtained at 10 
cents each from the Public Affairs Commit- 
tee, 30 Rockefeller Plaza, New York, N. Y. 


Machine Tool Electrification. The annual 
machine tool electrification forum sponsored 
by Westinghouse Electric and Manufactur- 
ing Company was held April 14-16, 1941, 
at East Pittsburgh, Pa. Production and 
design problems created by the national 
defense emergency in the machine tool in- 
dustry were the principal topics of discus- 
sion. An open forum was held on the last 
afternoon of the meetings, for discussion of 
subjects preselected by machine-tool dele- 
gates. 
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1941 American Standards. Announcement 
of publication of the list of American Stand- 
ards for 1941 was made recently by the 
American Standards Association. More 
than 400 standards are listed, including 
definitions, technical terms, specifications 
for metals and other materials, methods of 


Future Meetings of Other Societies 


American Institute of Chemical Engineers. Semi- 
annual meeting, May 19-21, 1941, Chicago, III. 


American Physical Society. 242d meeting, June 


20-21, Providence, R. I. 
243d meeting (Pacific Coast), June 1941, Pasadena, 
Calif. 


American Society for Testing Materials. 
annual meeting, June 23-27, 1941, Chicago, Ill. 


44th 


American Society of Civil Engineers. Annual con- 
vention, July 23-25, 1941, San Diego, Calif. 


American Society of Heating and Ventilating Engi- 


neers. Semiannual meeting, June 16-19, 1941, 
San Francisco, Calif, 
American Society of Mechanical Engineers. Semi- 


annual meeting, June 16-20, 1941, Kansas City, 
Mo. 


Edison Electric Institute. 
IN Me 


June 2—5, 1941, Buffalo, 


Institute of Radio Engineers. Summer conven- 
tion, June 23-25, 1941, Detroit, Mich, 


National Fire Protection Association. Annual 
meeting, May 12-17, 1941, Toronto, Ontario, 
Canada. 


Society for the Promotion of Engineering Education. 
49th annual meeting, June 23-27, 1941, Ann Arbor, 
Mich. 


Society of Automotive Engineers. Summer meet- 
ing, June 1-6, 1941, White Sulphur Springs, W. 
Va. 
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test for the finished product, dimensions, 
safety provisions for machinery, and work 
methods. These cover every important 
engineering field, and serve as a basis for 
many municipal, state, and Federal regula- 
tions. The 1941 list may be obtained free 
of charge from the ASA, 29 West 39th St., 
New York City. 


Joint Activities e 


Engineering Foundation Director 


O. E. Hovey Dies April 15 


Doctor Otis Ellis Hovey, director of the 
Engineering Foundation since 1937, died 
April 15, 1941. He was born April 9, 
1864 in East Hardwick, Vt., and received 
the degrees of bachelor of science, Dart- 
mouth College, 1885; civil engineer, Thayer 
School of Civil Engineering, Dartmouth 
College, 1889; doctor of engineering, Dart- 
mouth, 1927; and doctor of science, Clarkson 
College, 1933. After a year as instructor 
in engineering at Washington University, 
St. Louis, Mo., he became associated with 
the late George S. Morison, consulting 
bridge engineer of Chicago, with whom he 
worked from 1890 to 1896. In 1896 he 
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INSTITUTE members and subscribers are in- 
vited to contribute to these columns expressions of 
opinion dealing with published articles, technical 
papers, or other subjects of general professional 
interest. While endeavoring to publish as many 
letters as possible, Electrical Engineering reserves 
the right to publish them in whole or in part or to 
reject them entirely. Statements in letters are 


Total Security—A Challenge 


To the Editor: 


Recently three articles in the technical 
press have come to my attention. One was 
by President Beard of the British Institu- 
tion of Electrical Engineers, and appeared 
in the January 1941 issue of the I.E.E. 
Journal. Another was by W. L. Batt, past 
president of The American Society of Me- 
chanical Engineers and appeared in the 
January 1941 issue of Mechanical Engineer- 
ing. The third was by Charles E. Wilson, 
president of the General Electric Company, 
and was published in the March 1941 issue 
of ELECTRICAL ENGINEERING. 

As an engineer, accustomed to reading 
these publications for technical information, 
I was interested and immensely impressed 
to note the emphasis which all these articles 
placed upon the morality of human relation- 
ships as a solution for present-day problems. 
It is also pointed out that leadership at this 
critical period must be in the hands of indus- 
trial executives and engineers rather than 
politicians. 

The following are a few phrases quoted 
from these papers which I felt to be particu- 
larly significant. Mr. Beard says in his 
inaugural address: ‘Western civilization 
is nevertheless definable. It is the synthesis 
of three things: the Christian ethics, the 
scientific spirit, and the rule of law.’ At 
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became plant engineer of the Union Bridge 
Company at Athens, Pa., and in 1898 was 
sent to London by that company as con- 
sulting engineer on projects for building 
South African bridges. When the Union 
plant was bought by the American Bridge 
Company in 1900 he was made engineer of 
design for the latter at Pencoyd, Pa. He- 
was transferred to New York in 1904 and 
became assistant chief engineer in 1907 and 
consulting engineer in 1931. In 1934 he 
went to Turkey to survey trade conditions. 
for the company, and later in that year left 
the company and went into private practice. 
He was in charge of the engineering of a 
number of important projects, including 
emergency dams at the Panama Canal, 
extensive repairs on the Williamsburg 
Bridge, and building of the Port of New 
York Authority Bayonne Bridge. Dr. 
Hovey was the author of two books, 
“Movable Bridges’, 1926-27, and “‘Steel 
Dams”, 1935, and of various technical 
papers. He had been treasurer of the 
American Society of Civil Engineers since 
1921 and an honorary member since 1937, 
and was also a member of The American 
Society of Mechanical Engineers, the 
American Society for Testing Materials, 
the American Railway Engineering As- 
sociation, the American Welding Society, 
and the American Institute of Consulting 
Engineers. 
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expressly understood to be made by the writers; 
publication here in no wise constitutes endorsement 
or recognition by the AIEE. All letters submitted 
for publication should be typewritten, double- 
spaced, not carbon copies. Any illustrations 
should be submitted in duplicate, one copy an 
inked drawing without lettering, the other lettered. 
Captions should be supplied for all illustrations. 


another point he says, ‘‘We as engineers 
must of necessity be called upon to play a 
major part in rebuilding the world, and we 
must place and equip ourselves for this task 
now.” 

The title alone of Mr. Batt’s paper is 
significant: ‘‘Through A Glass, Darkly.” 

The title of Mr. Wilson’s paper also is in- 
spiring: ‘‘Total Security—a Challenge.’” 
In his discussion of “Moral Security is First 
Defense,’ Mr. Wilson refers to “the bonds of 
national unity which serve as a firm founda- 
tion for our moral security, the first fortifica- 
tion of our political and economic freedom.’” 
Later, in a summation of active steps to be 
undertaken, appears this remarkable state- 
ment: 


“With these thoughts in mind, then, the following 
steps represent the needs in this most critical 
stage— 

“1. Here I submit in all seriousness, as a first 
step: prayer, and a wholehearted practice of the 
Golden Rule.” 


The engineering professions have un- 
doubtedly made great contributions to 
civilization as we know it today. However, 
everyone is beginning to realize that some- 
thing besides technology is required to solve 
the problems which now face us all. It is 
inspiring to me that men of the caliber of 
those quoted all agree that the basic solu- 
tions to these problems are to be found, not 
in scientific publications, but in the Bible. 
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Ta so doing these men have presented a chal- 


- lenge to every other leader in the nation, 


whether he be in industry, in government, in 
labor, or elsewhere. It will be interesting 
to see who responds. 

And it occurs to me that this challenge is 
not to leaders alone, it is to all of us—includ- 
ing you and me. 


Harvey P. SLEEPER (A’22, M’30) 


(Operating engineer, Public Service Electric and 
Gas Company, Newark, N. J.) 


To the Editor: 


About six years ago, after the passage of 
the National Recovery Act, I, as president 
of the New York Association of Consulting 
Engineers, discussed with the secretaries of 
the American Institute of Electrical Engi- 
neers, The American Society of Mechanical 
Engineers, and the American Society of 
Civil Engineers, the possibility of persuad- 
ing the PWA to make use of the existing 
setup in the construction industry, and also 
the possibility of an NRA Code for engi- 
neers. As a result of those discussions, I 
became the correspondent, as a member of 
the Code committee, for a group of some 
15 local engineering societies over the United 
States, who exchanged views among them- 
selves and with the Code committee in a 
very constructive way. Inspired by the 


’ article “Total Security—a Challenge”’ in the 


March issue of ELECTRICAL ENGINEERING, I 
sent the following letter to the 25 consulting 
engineers who formed that circle of corre- 
spondents and to the secretaries of the na- 
tional engineering societies. 


“Dear Sir: 


‘“Probably you have read two articles re- 
cently published in the engineering press, 
but if not, may I urge you not only to do 
so, but to study them carefully, for in my 
humble judgment they represent some of the 
most constructive thinking that has been 
done in this country in a long time. 

“The first appeared in the January issue 
of Mechanical Engineering and was written 
by W. L. Batt, president of S. K. F. Indus- 
tries, past president of American Society 
of Mechanical Engineers, and now on Office 
of Production Management staff in Wash- 
ington. The article, entitled ‘Through 
A Glass Darkly’, pointed out the necessity 
of planning now in the midst of the emer- 
gency to avoid a nosedive and crack-up 
when it is over. 

“The second article, entitled ‘Total Se- 
curity—A Challenge’, in the March issue 
of ELECTRICAL ENGINEERING by Charles E. 
Wilson, president of the General Electric 
Company, proposed a definite program, re- 
quiring first an arm-in-arm accord among 
business, industry, labor, and government, 
from which certain courses of action would 
flow: 


“‘First, a recovery stage. 
“‘Second, a stabilizing program. 


“‘Next, a backlog-building period to prepare for 
the slump after the war, and 


“Last, the after-the-war period when with proper 
preparation we can pull out of the nosedive we cer- 
tainly face. 

“Mr. Wilson points out that the first 
move toward the arm-in-arm accord must 
come from business and industrial leaders 
and that the time at our disposal is short. 

“The reason given for the preparation of 
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these articles is the obvious fact that even 
though Britain wins, a new world will be 
born out of the tragedy which has over- 
whelmed Europe, and we will have to do 
business in that world, and unless we prepare 
realistically for that time we may be plunged 
into a depression far worse than the last 
one, 

“Beyond that, and much more important 
in the long run, is the need so to prepare our- 
selves that we can help Britain persuade 
Europe to adopt democratic forms of gov- 
ernment, by getting rid of dissension here 
and making democracy work better than 
any other scheme they may try. 

“As Wilson points out, we are in the midst 
of a worldwide revolution in thought and 
ideas, which has been going on for 20 years 
and may continue for another 50 years, 
during which time the free-enterprise sys- 
tem has been and will continue to be se- 
verely tested. 

“We can well believe that it is going to 
take a lot of faith and moral courage on the 
part of those leaders who undertake to 
break the ice to secure the arm-in-arm ac- 
cord Wilson advocates. Therefore, it seems 
to me that we as engineers should recognize 
the responsibility of doing our share to help 
along such a move, and also to do some origi- 
nal thinking on our own account, as well as 
to take out our faith and moral courage and 
polish them up a bit ready for action. 

“Mr. Wilson’s address was given by him 
before the 1941 winter convention of the 
AIEE. It has been reprinted by the Gen- 
eral Electric Company, which will send you 
a copy upon request.” 


Joun G. EApIp 


(Eadie, Freund, and Campbell, Consulting engi- 
neers, New York, N. Y.) 


To the Editor: 


As you and Mr. Wilson invited comments 
on his most comprehensive presentation of 
our national problem (‘‘Total Security—a 
Challenge’ by Charles E. Wilson, EE, 
March, ’41, p. 99-105), permit me to observe 
that as citizens and officials we are very 
much like the leading character in Russell 
Conwell’s ‘“‘Acres of Diamonds’. We 
have for over 150 years had a priceless gem 
or collection of gems and have proceeded to 
search Europe and Asia for panaceas en- 
tirely oblivious of our rich inheritance. 

No less an authority than the Honorable 
William E. Gladstone termed our constitu- 
tion ‘‘the most wonderful work ever struck 
off at a given time by the brain and purpose 
of man.”’ 

Its crowning jewel is the preamble which 
clearly states our national objectives. 

Officially ratified, every loyal citizen 
should be dominated by its principles, for 
we are all committed to do our utmost to— 
“perfect national unity, establish justice, 
insure domestic tranquillity, provide for 
the common defense, promote the general 
welfare,’ and so on. 

When, for instance, employers and em- 
ployees, bankers and brokers, lawyers and 
clients, farmers and middlemen, and other 
groups seck to establish justice in their deal- 
ings with each other and with the public, 
then, and not till then, can they consider 
themselves worthy citizens of the republic 
whose flag they salute. 

Just as Ohm’s law dominates our elec- 
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trical activities, so for total security the 
Preamble must dominate our personal and 
national activities, that our “government of 


the people, by the people shall not perish 
from the earth.” 


Wo. B. Tayior (A’05, M’16) 


(Electrical engineer, Plympton, Mass.) 


To the Editor: 


The article by Charles E. Wilson, in the 
March issue of ELecrricaL ENGINEERING is 
worthy of much thought. It is also cheering 
because it illustrates a growing tendency to 
devote thought to problems of public wel- 
fare, on the part of intelligent men who 
have been traditionally too busy with their 
own affairs to ‘bother with politics’. And 
such thought will show us, as Mr, Wilson 
implies, that the only hope of a solution for 
our problems lies in perceiving and ex- 
pressing more of the Divine wisdom, which 
includes justice and love. ‘This also is a 
continuing necessity.” : 

Mr. Wilson’s thesis that there is a mass 
movement throughout the world toward 
revolution seems to be correct, but why? 
Why does the average man feel that he is 
being robbed of something which belongs 
to him? In this land of plenty, why is the 
annual income of 40 per cent of the families 
less than $1,000 per year? Is there a funda- 
mental fault in our system which may ac- 
count for much of our woe? 

Let us see. All economists agree that 
three factories are necessary in production— 
labor, capital, and land, or natural re- 
sources. 

The laborer is anyone who contributes by 
his own effort, mental or physical, to the 
general welfare. He supplies labor. With- 
out him labor would not exist. 

The capitalist is anyone who owns tools, 
machinery, or buildings used in production. 
He supplies the capital. Without him 
capital would not exist. 

The landlord is anyone who holds title to 
natural resources. He supplies the natural 
resources with which both labor and capital 
must operate—or does he? Without him 
the natural resources would not exist—or 
would they? 

On the contrary, the landlord, as such, 
performs no useful function at all commen- 
surate with the large share of the product 
that he collects. And what he collects 
leaves that much less to be divided between 
labor and capital. 

Is it conceivable that a wise and beneti- 
cent Creator designed the world as a means 
by which a few of his children should take 
away from the others a part of what those 
others produce, without rendering any re- 
turn in goods or services? Is it not easier 
to believe that He designed the world for 
the use and benefit of mankind? 

But ‘mankind’ cannot operate my farm, 
nor your mine. How can this conflict be 
reconciled? Consider an example. My 
neighbor bequeathed his farm to his four 
sons jointly. Three of the boys had estab- 
lished other businesses and did not wish to 
change, but James wanted to run the farm. 
“Well,” said James, “‘I will pay rent for the 
farm, and at the end of the year we will each 
take a quarter of the rent fund’. This was 
satisfactory. 

Applying this idea to the larger problem, 
we may let the community, as the repre- 
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sentative of “mankind”, collect rent from 
me for the natural resources which I hold, 
and from you for those which you hold, 
leaving us both free to develop and use those 
resources. If this were done the community 
would have an income that would make 
taxes, as we know them at present, largely 
unnecessary. Furthermore, it would make 
possible a system of really free enterprise, 
free from much of the crushing burden of 
taxation and free from the necessity of pay- 
ing tribute to the landlord before it could 
begin production. Henry George devel- 
oped this philosophy quite fully years ago, 
and his reasoning has never been refuted. 

May it not be that we are now being 
forced toward a choice between such a sys- 
tem of really free enterprise and some sort of 
totalitarian system? 

This mass movement toward revolution 
may be a good thing ora bad thing. Hatred 
and short-sightedness may drive it toward 
anarchy and chaos. But wisdom and jus- 
tice—enlightened self-interest, if you will— 
can lead it toward a higher civilization and a 
better humanity than the world has ever 
known. 


J. B. Gress (M’35) 


(Transformer engineering department, Westing- 
house Electric and Manufacturing Company, 
Sharon, Pa.) 


Some Characteristics and Applications 
of Negative-Glow Lamps 


To the Editor: 


The paper ‘‘Some Characteristics and 
Applications of Negative-Glow Lamps’”’ 
by H. M. Ferree (AJEE Trans., Jan. ’41, 
p. 8) does not include applications of glow 
tubes which deserve mention. 

As Mr. Ferree mentioned, these glowlamps 
have the characteristic of illumination at 
the negative electrode, but he failed to state 
that the area of surface of electrode covered 
by the glow is, in the normal region, directly 
proportioned to the current. This charac- 
teristic makes the glow lamp applicable to 
use with an oscilloscope when the tube is 
viewed with a rotating mirror. The high 
breakdown and extinction potentials of 
these tubes mean that part of an impressed 
electric wave would be ‘‘cut off’’ (distorted 
by the oscilloscope). To avoid this diffi- 
culty it is common to excite the tube con- 
tinuously with a high-frequency discharge 
so that only a small impressed potential is 
sufficient to cause the tube to glow. To 
make the tube satisfactory for viewing 
alternating currents the tube is made with 
two long colinear electrodes with a short 
spacing. The distance the electrode illu- 
minates, measured from the electrode gap, 
is a measure of the magnitude of the in- 
stantaneous current. If the current is 
periodic the wave shape of the current may 
be seen by viewing the tube with the aid 
of a rotating mirror. Such an oscilloscope 
has been made.! 

A second application of the glow tube is 
as a surge protector. If the field circuit of 
a magnet is opened suddenly a very high 
voltage will be induced in the windings. 
When a glow tube with a breakdown 
voltage somewhat higher than line voltage 
is placed across the field, the voltage across 
the field as the circuit is broken will not 
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reach as high a value. The glow tube will 
begin to dissipate the energy in the magnetic 
field as soon as the voltage across the field 
exceeds the breakdown voltage. In tests 
made on a generator field it was found that 
(a) without a glow tube the voltage rose to 
16 times normal and did not drop to zero 
until about 0.08 second, and (b) with a glow 
tube the voltage rose to 6.4 times normal 
and dropped to zero in less than 0.0025 
second.? 

A third application of the glow tube, 
familiar to all radio amateurs, is its use 
as a detector of a radio frequency circuit 

In the list of references given by Mr. 
Ferree should be included the work of 
Oschwald and Tarrant* and of Reich* on 
the influence of light on the glow-tube 
characteristics. | Reference might also be 
made to the use of the glow tube as a 
generator of saw-tooth oscillations,’ even 
though this application has been almost 
superseded by the use of arc discharge 
tubes. 
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Books Received a 


The following new books are among those recently 
received at the Engineering Societies Library. 
Unless otherwise specified, books listed have been 
presented by the publishers. The Institute as- 
sumes no responsibility for statements made in the 
following summaries, information for which is taken 
from the prefaces of the books in question. 


ELECTRICAL MEASUREMENTS AND 
MEASURING INSTRUMENTS. By E. W. 
Golding. Third edition. Sir Isaac Pitman and 
Sons, London; Pitman Publishing Corporation, 
New York, 1940. 828 pages, illustrated, 9 by 51/2 
inches, cloth, $7.50. Originally designed to cover 
the knowledge required for certain British examina- 
tions, this textbook has been expanded to meet the 
requirements of electrical engineers in general. 
Covers theory and use of all types of electrical meas- 
uring instruments and methods, including ‘the 
mathematical derivations for wave forms and 
transient phenomena. Contains reference bibliog- 
raphies and examination questions with answers. 


ELECTROMAGNETIC THEORY. By J. A. 
Stratton. McGraw-Hill Book Company, New 
York and London, 1941. 615 pages, diagrams, 
etc., 9 by 6 inches, cloth, $6.00. The author of 
this advanced text places primary emphasis on 
dynamic rather than on static field theory, postu- 
lating Maxwell’s equations from the outset. A 
mathematical formulation of the general theory is 
followed by investigation of energy and stress 
relations. The properties of static fields are then 
discussed, and the rest of the book is devoted to the 
propagation of plane, cylindrical and spherical 
waves, the theory of radiation, and boundary-value 
problems. Illustrative problems. : 


EXPLORATION GEOPHYSICS. Byslael: 
Jakosky. Times-Mirror Press, Los Angeles, Calif., 
1940. 786 pages, illustrated, 9 by 6 inches, cloth. 
$8.00. Aims to describe the fundamental theories, 
equipment, and field techniques of the recognized 
exploratory geophysical methods, and to illustrate 
their application to problems of economic geology. 
An early chapter presents the geologic and eco- 
nomic background, and succeeding chapters deal 
respectively with magnetic, gravitational, electri- 
cal, seismic, geochemical, and geothermal methods 


Of Current Interest 


Drill-hole investigations and oil-well production 
problems are also considered. Literature refer- 
ences in text, and patent bibliography appended to 
each chapter. 


GEOPHYSICAL EXPLORATION. By C. A. 
Heiland. Prentice-Hall, New York, 1940. 1,013 
pages, illustrated, 91/2 by 6 inches, cloth, $10.00. 
Intended as a comprehensive survey of the entire 
field of geophysical exploration. The elementary 
first part describes working principles and geological 
applications for those not directly concerned with 
field or laboratory operations. The second and 
major part discusses the subject from an engineering 
viewpoint, presenting theory, field technique, 
laboratory procedure and geological interpretations 
for gravitational, magnetic, seismic, and electrical 
methods. Consideration is also given to minor 
methods and to geophysical well testing. 


HISTORY OF GEOMETRICAL METHODS. 
By J. L. Coolidge. Clarendon Press, Oxford, 
England; Oxford University Press, New York, 
1940. 451 pages, diagrams, 10 by 6 inches, cloth, 
$10.00. The methods that men have invented 
throughout the centuries to deal with geometrical 
questions are considered under three main headings; 
synthetic geometry, the earliest type which con- 
siders figures directly; algebraic geometry, includ- 
ing co-ordinate systems; and differential geometry. 
The work of the important pioneers in each field 
has been emphasized. Bibliography. 


HOUSING FOR DEFENSE, by M. L. Colean. 
Twentieth Century Fund, 330 West 42nd Street, 
New York, 1940. 198 pages, diagrams, 91/2 by 
6 inches, paper, $1.50. The problems and ex- 
perience with regard to housing during the World 
War are described, with attention to the resulting 
government policies. The present situation is 
compared with that of 1917-18. The relation be- 
tween housing and the location of defense activities 
is emphasized, and community problems are dis- 
cussed. The final chapters deal with the construc- 
tion and financing of new housing, the relative 
parts to be played by private and governmental 
agencies, and the recommendations of the housing 
committee. 


LOCOMOTIVES ON PARADE. By E. Hunger- 


ford. Thomas Y. Crowell Company, New York, 
1940. 236 pages, illustrated, 9 by 61/2 inches, 
cloth, $2.50. The history of the steam locomotive 


told in layman’s language, describing the successive 
types that evolved, including famous individual 
representatives and the men who made them. 


THE METER AT WORK. By J. F. Rider. 
John F. Rider Publisher, New York, 1940. 152 
pages, illustrated, 9 by 5 inches, cloth, $1.25. 
This practical book for servicemen and others 
describes how each type of meter works, how each 
is used in the field, how to increase efficiency, 
and how to select new meters. In an unusual 
method of book construction, the illustrations are 
placed above and separate from the text for con- 
venient reference. 


MODERN AIR CONDITIONING, HEATING, 
AND VENTILATING. By W. H. Carrier, R. E. 
Cherne, and W. A. Grant. Pitman Publishing 
Corporation, New York and Chicago, 1940. 547 
pages, illustrated, 91/2 by 6 inches, cloth, $4.50. 
The whole field of interior conditioning is covered 
in this manual, which is designed to apply existing 
theory to actual practice in the industry. Basic 
theories are explained, but emphasis is placed on 
the engineering principles and design of equipment. 
Comfort and economic factors are also considered. 
Practical examples are presented, and tables and 
charts collected in an appendix. 


NATIONAL ELECTRICAL CODE HAND- 
BOOK. By A. L. Abbott. Fifth edition. Me- 
Graw-Hill Book Company, New York and London, 
1940. 595 pages, illustrated, 71/2 by 41/2 inches, 
leather, $3.00. Discusses the provisions of the 
National Electrical Code and their practical 
application. These provisions are grouped in six 
major divisions: definitions of terms; approved 
types of wiring; installation of materials and ap- 
paratus; general requirements applying to all 
wiring systems; special cases; and construction of 
raped The present edition is based on the 1940 

ode. 


PHYSICS OF THE AIR. By W. J. Humph- 
reys. Third edition. McGraw-Hill Book Com- 
pany, New York, 1940. 676 pages, illustrated, 
91/2 by 6 inches, cloth, $6.00. Provides an account 
of the facts and theories relating to the mechanics 
and thermodynamics of the atmosphere, to atmos- 
pheric electricity, acoustics, and optics, and to the 
factors that control climate. Revised to include 
recent information. 


POWER IN TRANSITION. By E.R. Abrams. 
Charles Scribner’s Sons, New York, 1940. 318 
Pages, maps, tables, 81/2 by 51/2 inches, cloth, $3.00. 
Describes briefly the development of the electric 
utilities up to the peak of private operation; then 
considers the growing tendency toward public 
control. Some 60 major power projects are ana- 
lyzed, with their history through Congress engi- 
neering problems and the resources, requirements, 
and expectations of the several regions to be served. 
he effects of these developments of the 
national power policy are _ briefl ointe 3 
Chapter bibliographies. 42% ey 
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